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FOREWORD

The investigation described herein is being performed by the

General Electric Company under the sponsorship of the National

Aeronautics and Space Administration under contract NAS 3-2528.

Its purpose is to accumulate information pertinent to heat

transfer phenomena, two-phase pressure drop, and stability

characteristics of boiling and condensing potassium and sodium.

Studies are to be executed at conditions approximately those

anticipated in space turboelectric systems exceeding 100 kw

electric output.

The quarterly report of the Alkali Metals Boiling and Con-

densing Investigations, extending from October l, 1963 through

December 31, 1963, is presented in two volumes. Volume I docu-

ments the general plan of investigation, operation of the fac-

ilities, results of the investigations, supporting instrumen-

tation and materials effort, and, also, the tabulated heat

transfer data obtained from the 100 kw and 50 kw facilities.

Volume II documents the 300 kw heat transfer data, including

discussion of the data as well as calculational procedures.
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SUMMARY

The program reviewed in this report is conducted for the National

Aeronautics and Space Administration under Contract NAS-3-2528 to

obtain two-phase heat transfer data for sodium and potassium under

conditions of boiling and condensing. In addition, information re-

lated to pressure drop and flow stability are to be obtained. Test

section development and materials studies pertinent to the experimen-

tal work are conducted as a support effort.

300 KW Facility

During this report period, additional boiling potassium data with

a helical swirl generator insert were obtained. The data from ninety-

eight runs obtained in the previous quarter are presented in Volume II

of this report. Analyses of the boiling potassium data for a l.O-inch

nominal diameter tube without an insert have continued. A significant

relationship for the initiation of film boiling heat flux was determined

as a function of the liquid velocity (based on a slip ratio =_r_-)

and is reported.

300 KW Facility Multitube Boiler Test Section

A new task, leading to a multitube boiler for potassium testing,

was initiated during this period. This work effort will indicate

the adequacy of extending data obtained on simple geometries to the

more complex systems. In addition the problems associated with a

multitube system, e.g., stability between tubes connected to common

headers, which cannot be investigated with single tube test sections,

can now be investigated. Testing a more advanced boiler geometry

provides the next step in the boiling potassium program. This pro-

gram will lead eventually to a full scale boiler and is implemented

by the increased boiling potassium data obtained. Thermal and geo-

metric parameter studies have been performed and three boiler con-

cepts are reviewed.

i00 KW Facility

The i00 kw facility reached 2625 hours of operation above 800°F

(most of the operation above 1500°F) during this reporting period.

In addition, boiling potassium data at 2200°F was obtained for the

first time. Forty-nine stable boiling runs were obtained in the

3/8-inch diameter test section. This completed the 3/S-inch dia-

meter test section investigation and a 3/4-inch diameter test sec-

tion was installed. Field welding of the large diameter test sec-

tion was successfully accomplished.

50 KW Facility

Eighteen condensing runs were obtained; the facility has now

operated for 440 hours above 800°F. A significant improvement in
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the determination of the potassium flow rate was madeduring this period
with the successful testing of a calorimetric flowmeter which gave flow
measurementsapproximately 15%higher than those obtained with the
electromagnetic type flowmeter and significantly improved the facility
heat balance. Evaluation of the data obtained in the 50 kw facility
show

I) Local liquid potassium heat transfer coefficients,

especially at low Peclet numbers, fall below pre-

dictions based on both theory and empirical correl-

ations.

2) Local condensing potassium heat transfer co-

efficients obtained between II70°F and 1260°F

ranged from 4000 to 9000 Btu/hr-ft2-°F with

an apparent increase in the condensing co-

efficient with increasing temperature.

Pool Boiling

Installation and instrumentation problems continue to delay boil-

ing operations. Calibration runs have been initiated.

Analyses

The work effort under this task during the present reporting period

entailed determining the range and magnitude of the acceleration and

elevation pressure drops in a two-phase potassium system. Maximum

and minimum acceleration and elevation pressure drops are presented.

For exit qualities greater than 25% and potassium temperatures greater

than 1400°F, the maximum possible error in determining the acceleration

pressure drop was less than 70%. Increasing quality and/or potassium

temperature decreased this error.

Instrumentation

Instrumentation activities on the 300 kw facility during this re-

porting period were primarily maintenance type. Secondary boiler inw

let and outlet pressure gage calibrations were performed. In the

100 kw facility, a new instrumentation feed-through from the vacuum

chamber, which substantially increases the number of thermocouples

that can be utilized, was designed.

Materials Support

The principal work effort was the repair of the 300 kw test boiler

and the installation of a 3/4-inch diameter test boiler for the i00

kw system. Field welding the 3/4-inch diameter Cb-lZr test boiler

was performed successfully for the first time.
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I. 300 KW FACILITY

J. Longo, Jr.

The 300 kw facility is used to obtain potassium boiling and con-

densing heat transfer data. Both the boiling and condensing test

sections are controlled temperature types, i.e., the temperatures of

the heat acceptance (Sodium) and rejection (Air) fluids rather than

the heat generator are.controlled. Reference 1 presents a detailed

description of the facility.

This section, covering the 300 kw operation from October I, 1963

through December 31, 1963, describes the maintenance, modification,

and operating cycle of the facility as well as the data and results

obtained. Durlng this period, the 300 kw facility operated above

800°F for 235 hours; effective January l, 1964, total loop operating

tlme above 800°F was 2200 hours. Current 300 kw facility effort is

directed at obtaining heat transfer performance data in a 1.0-inch

nominal diameter boiler tube with a helical swirl generator insert.

Additionally, data analysis of the heat transfer performance of a

1.0-inch nominal diameter tube without an insert has continued.

Film boiling conditions for the no-insert data are presented in

this report.

SO0 EW Operations

As reported in reference 2, the 300 kw boiler had failed because

of a leak at the bimetallic braze joining the 1.0-inch nominal diameter,

Mo-.5 Ti boiler tube to the L-605 extension tube. The boiler was

removed from the facility and a new 1.0-inch nominal diameter,

L-605 tube replaced the Mo-.5Ti tube. Reference 2 discusses the tube

qualification procedure and the limitations resulting from the use

of an L-605 tube in the 300 kw facility. The 300 kw operating log
is abstracted below:

10/1/63

10/7/63

10/17/63

10/17/63

Boiler removed from 300 kw facility.

Hot trapping of alkali metals.

Working on boiler repair.

Welding of boiler initiated.

Radiograph of root welds completed.

All bench welds on boiler completed and passed

radiographs.
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10/19/63

10/23/63

10/24/63

10/25/63

10/26/63

10/27/63

10/29/63

10/30/63

10/31/63

11/1/63

11/2/63

Installed repaired _oile_ in fBcility. Completed

root welds of four connections. Radiographs

made and passed.

Welding of boiler in 300 kw facility completed.

Welds passed radiograph. Adjusted boiler han-

gers. Boiler auxillary heatel-s i_talled and

checked. Checked boiler thermocouple$ and

noted so_e requiring repair

Transferred clean sodium ( _'3_ ppm 02)

f_m shippim_ container to primary d_p tank.

Started to heat up system.

All thermocouples repaired. Boiler ready for

insulation.

Boiler insulated. Transferred clean potassium

( 430 ppm O2)from hot trap to secondary dump

tank. Instrumentation checkout and repair of

loop instruments completed. Pressure gauge

Calibrations initiated.

Pulled vacuum on loops and filled primary and

secondary loops. Sodium and potassium flow-

ing in primary and secondary loops, respect-

ively. Loops being heated to II00°F.

Completed flushing of loops and dumped both

loops. Primary equalizer line is plugged.

Preparing to take sodium and potassium

samples.

Drained secondary dump tank and refilled with

clean potassium. Drained primary dump tank

and refilled with clean sodium. Filled pri-

mary and secondary loops and initiated second

flush.

Completed flushing and dumped both loops.

Primary equalizer line is plugged. Second-

ary equalizer line is sluggish.

Took samples of primary and secondary fluids.

Made pressure check on boiler (_50 pSi). No

indication of leakage in 3 hours.

Filled primary loop and initiated calibration

runs at 1200°F.
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11/3/63

11/4/63

11/6/63

11/26/63

11/27/63

11/29/63

12/2/63

12/3/63

12/14/63

12/15/63

12/17/63

12/18/63

12/19/63

12/20/63

12/26/63

12/31/63

Completed calibration runs on primary loop at

1800°F. Cooling down to fill potassium loop.

Filled secondary loop and established flow.

Primary pump trouble. Capacitor on primary

pump power line bad. Dumped both loops.

Venting lines removed and cleaned. New

capacitor on primary pump power line installed.

All venting and fill lines cleaned, unplugged,

and rewelded.

Ran pressure gauge calibration check again.

Loop filled and being flushed.

Took primary and secondary samples, filled

loop and circulated flow. Primary flow is

low. Temperature increased to ll00°F to try
to increase flow.

Dumped both loops at IO00°F in order to hot

trap.

Secondary fill line plugged.

Cut secondary fill line and found plug.

Fill line to secondary loop welded back in

place after removing plug. All welds passed

radiographtests.

Transferred potassium from hot trap to dump

tank.

Filled both loops and initiated flushing at

1000°F. Secondary flow erratic. Heating

loop up slowly.

Dumped both loops in order to hot trap in

dump tanks.

Emptied secondary dump tank and refilled

with clean potassium. Both loops filled,

flowing, and heating up. Initiated boil-

ing runs.

Secondary control valve bellows leak nec - _

essitated shutdown after 144 hours of boil-

ing at primary temperature of 1850°F.
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Interestingly, once again, the failure of one component, the boiler,
seemsto have triggered other failures, the primary pump and the

plugged secondary fill line.

Although obtaining boiling heat transfer performance data with

the helical swirl generator insert remained important, major emphasis

was placed on determining the limitations of the facility in terms of

the capability of the furnace and condenser to provide and remove 300

kw. For the approximate 100 hours of boiling runs obtained during

this quarter, therefore, the system was operated at the maximum power

capability. The range of operating conditions covered during this

test program were:

o
Primary inlet temperature, F ............... 1400 - 1863

o
Primary exit temperature, F ............... 1S8S - 1823

Primary flow rate, lbs/sec ................ 6.4 - ll.S

Secondary flow rate, lbs/sec .............. 0.015 - 1.875

Secondary inlet temperature& OF ............ 856 - 1620
Secondary exit temperature,-F ............. 1S5S - 1742

Secondary quality, % ................... 0 - 98

Condenser air flow rate, lbs/sec ............ 0 - 0.5

Maximum power input, kw ................. 163.5

Because of the inability to increase the condenser air flow, the

maximum power input was limited to 163.5 kw. The air is delivered to

the 300 kw facility in a 6-inch pipe at approximately 90 psig. The

air then passes through a steam heat exchanger that can be used to

heat the inlet air to the condenser and thereby prevent possible plug-

ging in the facility at low power operation. From the heat exchanger,

two separate S-inch lines lead to the horizontal and vertical con-

densers, respectively. A large pressure drop, approximately 60 psi,

at the air-flows used during the testing program, occurred across

the steam heat exchanger, thereby restricting the air flow to the

condensers.

Operation, after the installation of the steam heat exchanger has

indicated that this equipment is unnecessary and, therefore, will be

cut from the system. Preliminary evaluation of the air flow rate

capability with the steam heat exchanger removed shows that the air

flowrate will be approximately 8 lbs/sec.

The heat transfer capability of the condenser for a 1600°F

potassium temperature and a 100°F inlet air temperature is given

by:

3,lq_ -

(i)
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The air side heat transfer coefficient is controlling and, therefore, an

over-all heat transfer coefficient of 100 Btu/hr-ft2-°F at an air flow

of 4 ibs/sec was determined. The horizontal condenser heat transfer

area is 7.17 ft 2. These values, together with equation i, indicate that

the horizontal condenser alone could remove approximately 300 kw at an

air flow rate of 4 ibs/sec. Thus, when the vertical condenser is used,

in addition to the horizontal condenser the heat removal capacity of

the 300 kw system will not be limiting.

Because of the air flow limitation, the maximum capacity of the gas

fired furnace could not be determined. However, the fuel valve was

only one quarter open when supplying-_180 kw (total). Thus, the fur-

nace should be capable of supplying the rated 300 kw.

Data Analysis

The data from the 98 boiling runs obtained with the l.O-inch nominal

diameter Mo-0.5 Ti boiler tube with the helical swirl generator insert

from July, 1963 to October, 1963 have been reduced. These data and

the data from the ten liquid runs are presented in Volume II of this

report. The data from the 67 boiling runs obtained with the l.O-inch

nominal diameter L-605 boiler tube during the current reporting period

will be presented in the next quarterly report.

The major effort under this task has been concentrated on analyzing

the boiling data obtained without an insert. The data that are used

in this analyses were reported in reference 2, Volume II, and consist

of 174 boiling runs. The following range of variables were covered by

these boiling runs:

Boiling fluid ....................... Potassium

Outlet potassium temperature, OF ........... 715 - 1777

Potassium flow rate, ibs/sec ............. 0.058 - 0.87

Boiler power, kw ................... to 133

Outlet potassium quality, _ ............ 0 - 69
o '

Inlet primary temperature, F .... , ........ 732 - 184.9

Transient Operation, °F/hr .............. < 50

A significant correlation between the film boiling heat flux and the

liquid velocity was obtained. The term film boiling heat flux as used

in this report is that heat flux above which a marked decrease in the

heat transfer rate is observed. The measurements used in the analysis

were :

1) The shell temperatures measured by 65 thermocouples

located along the length of the boiler shell which

forms the outside wall of the primary fluid annulus.

2) The primary and secondary, inlet and outlet bulk

fluid temperatures measured by three thermocouples

at each of these locations.

3) The primary and secondary flow rates measured by

an electromagnetlc flow meter located in each of

the primary and secondary loops.
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Supporting measurements used in the analysis were the inlet and outlet

secondary pressures.

The calibration of the primary fluid thermocouples was accomplished

by a series of liquid runs in which the primary flow rate and tempera-

ture level were changed with no secondary fluid in the boiler tube.

Using the primary inlet bulk fluid temperature as the reference, a

best fit straight line was then drawn on the plot of temperature versus

position along the boiler length. With this procedure, the primary

thermocouples could be corrected as a function of temperature level

and primary flow rate. The heat loss per unit length, which was cal-

culated from the primary flow rate, the primary bulk inlet tempera-

ture, and the corrected primary bulk outlet temperature was, there-

fore, assumed to be constant along the boiler length.

The secondary fluid thermocouples were calibrated by a series of

liquid-liquid runs in which the primary fluid flow was intentionally

set at a low flow rate (to obtain maximum temperature differential

for determining the heat given up by the primary) and the potassium

flow rate was set at a high level (to obtain minimum temperature dif-

ferential for calibration). With no air flow on the condenser (in

these runs, the condenser would act as a simple heat sink), the heat

input to the secondary fluid is equal to the secondary system heat

losses. The secondary fluid outlet thermocouple was then corrected

relative to the secondary fluid inlet thermocouple using the antici-

pated temperature rise, calculated from the measured secondary fluid

flow rate and the heat input. The heat input to the secondary fluid

was determined from the heat given up by the primary fluid minus the

boiler heat loss at that temperature level. Before installation into

the facility, the secondary fluid inlet thermocouple was calibrated

relative to the primary fluid inlet thermocouple as a function of

temperature. Thus, the primary and secondary thermocouples are in-

ternally consistent.

The secondary fluid inlet and outlet pressure gages were calibrated

by pressurizing the secondary loop with argon without any potassium in

the loop and determining millivolt signal versus pressure. The electro-

magnetic flow meters were only calibrated indirectly, relative to each

other, by noting primary and secondary temperature decreases and in-

creases, respectively, for the liquid-liquid runs.

These measurement corrections and calibrations have been included

in the data reported in reference 2. The corrected boiler shell

temperatures for all the runs reported in reference 2 were plotted

as a function of length.

From the boiler shell temperature versus length plots, twenty-

six runs were selected on the following basis:
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l) It was assumed that temperature changes of less than

50°F/hr behaved essentially as steady state runs.

Steady state conditions are required to ensure that

fluid temperature changes reflected in changing thermal

driving forces do not simulate apparent decreases in

the heat transfer coefficient.

2) The plot of the shell temperature versus length showed

a minimum of two different slopes where the slope near

the primary inlet (secondary outlet) was smaller than

the slope further downstream. For the film boiling

runs selected, the slope of the shell temperature

versus length in the primary inlet region was negligible.

Figures 1 through 26 are plots of boiler shell temperature versus boiler

length where the length is measured from reference plane B in Figure

15 of reference 3. The active heat transfer length of the boiler ex-

tends from 24 inches to 91.5 inches.

The film boiling heat flux was calculated from the slope of the

shell temperatures downstream of the film boiling region, the pri-

mary flow rate and the heat transfer area over which the slope was

constant. Using the slope of the shell temperatures downstream of

the film boiling region to infer the primary bulk temperature grad-

ient is correct only for a constant heat flux system. Its use in

this particular case is based on the following argument.

i) The slope was measured approximately 1 foot downstream

of the point at which a definite change of axial temper-

ature gradient becomes apparent.

2) In the nucleate boiling region of the boiler, the

boiling heat transfer coefficient is so large that

the primary fluid and tube wall are the controlling

resistance (reference 3). Thus, the resistance to

heat transfer can be considered constant over the

nucleate boiling length and the heat flux is prop-

ortional to the temperature differential between

the primary and secondary fluids.

3) The decrease in secondary fluid pressure with length,

caused by momentum drop, was less than 3 psi, or less

than 20°F change in the secondary temperature, while

the primary fluid temperature decrease was less than

20°F in the boiling regime. In the counterflow heat

exchanger of the 300 kw test boiler and with an aver-

age thermal driving force of approximately lO0°F, a

change in heat flux of less than 40% along the boil-

ing length could be expected. The two-phase frict-

ional pressure drop will increase this difference in
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heat flux, but the magnitude of the drop is a strong

function of quality. The greatest two phase frict-

ional pressure drop would, therefore, occur at the

exit of the boiler and not in the nucleate boiling

region.

4) Finally, and most important for design considerations,

the film boiling heat flux calculated in the preceding

manner would be the minimum heat flux that would induce

film boiling at the particular condition tested.

The quality, temperature and pressure of the secondary fluid at the

point of film boiling initiation were assumed equal to these same pro-

perties at the boiler exit. This was necessary since these parameters

were measured, or in the case of quality, calculated from measurements,

at the boiler exit.

The assumption of temperature and pressure of the secondary fluid at

the point of the inception of film boiling being equal to the measured

quantities at the boiler exit will introduce an error in the determin-

ation of fluid properties such as density. In order to assess the

magnitude of this possible error, the maximum pressure drop measured

over the boiler length in these tests was assumed to occur over the

film boiling region. This pressure drop was _ 5 psi. At_ the_tempera-

tur_of this investigation,the vapor density change was determined to

be less than 15% due to the 5 psi pressure drop. Thus the magnitude

of the errors on fluid properties,introduced by utilizing the measure-

ments obtained at the boiler exit,appear quite small.

The effect of the 5 psi pressure drop on the quality introduces

an error less than 1% in the determination of this quantity while

the heat added after the film boiling inception point could in-

troduce another 1% error in the value of the quality at the point

of film boiling inception.

Thus the assumption of secondary fluid properties at the boiler

exit being equal to those at the point of film boiling inception

appears justifiable.

The test plan used to obtain the 174 boiling runs on the 1.O-inch

nominal diameter, Mo-0.5 Ti boiler tube was established on the basis

of determining over-all boiler performance as a function of primary

and secondary flow rates, boiler power and operating temperature.

Because film boiling could not be detected definitely until after

the temperature gradient along the shell wall was plotted, no rig-

orous testing procedure could be used to investigate film boiling

initiation conditions. Sufficient film boiling data were obtained,

however, to draw some conclusions about the effect of such variables

as secondary flow, pressure and quality on the burnout heat flux.

Table I presents data on the pertinent variables for the 26 film
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boiling runs studied. The effects of the following variables on the

inception of film boiling heat flux were examined.

1. Effect of Quality

a. Code numbers 145 and 15 versus code numbers 18 and 22

b. Code number 3 versus code number 4

c. Code number 9 versus code number 12

Increasing quality increased film boiling heat flux

2. Effect of Potassium Flow Rate

a. Code number 16 versus code number 22

b. Code number 7 versus code number 10

Increasing flow rate increased film boiling heat flux

3. Effect of Pressure

a. Code number 18 versus code number 22

b. Code number 4 versus code number 24

c. Code number 25 versus code number 26

d. Code number 16 versus code number 17

Except for item d, increasing pressure increased film

boiling heat flux.

4. Effect of Length of Film Boiling

a. Code numbers 5 and 6 versus code numbers 7 and 8

b. Code number 13 versus code number 24

No significant effect could be determined.

The corresponding increase in the film boiling heat flux with the

increase in quality was surprising, since the predeominant opinion is

that increases in quality tend to lower the film boiling heat flux.

Several investigators (references 4, 5, and 6) however, have reported
this same phenomenon in film boiling experiments with water. Reference

4 concludes that:

1) The burnout heat flux is not a single valued function

of quality.

2) A maximum in the film boiling heat flux is reached at

a certain quality.

* See Table 1 for corresponding run numbers.
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Reference 5 reports a maxima in the heat flux versus quality but notes

that the experiments showing this maxima may have been taken during

oscillating or unstable flow conditions. Reference 6 has noted direct

evidence that upstream film boiling conditions did occur. After de-

tailed investigation, it was concluded that this occurred while the

system pressure and flow were steady; compressibility effects in the

inlet piping did not induce upstream film boiling.

The effect of increased flow rate in increasing the film boiling

heat flux has been determined by a number of authors (e.g., reference

7). However, reference 5 has found that the film boiling heat flux

decreases with increasing mass velocity.

The effect of pressure on film boiling has also been determined

in film boiling studies with water. Again, however, two divergent

views are reported. For example, reference 7 notes an increase in

film boiling heat flux with increasing pressure; reference 5 con-

versely, reports a decrease in film boiling heat flux with in-

creasing pressure. As noted above, this study observed both an in-

crease and a decrease in the film boiling heat flux with increasing

pressures.

Recognizing the film boiling studies with water and the different

results reported, an attempt was initiated to postulate a model for

film boiling which could explain most of the apparent anomalies in

film boiling studies and still account for the results found in this

investigation. The model which appears most reasonable at this time

is that at least two types of film boiling, with the liquid film as

the controlling parameter, occur.

In the first type film boiling, the liquid film is relatively

thick and offers a resistance to the vapor emanating from the wall.

The net result is that the vapor blankets the surface. In this

condition, there may be a critical ratio of vapor generation rate,

as measured by the radial vapor velocity to the liquid velocity.

Also, in this region, factors tending to increase the liquid

velocity, such as increases in flow rate, pressure and quality

would permit an increase in the heat flux before film boiling was

initiated.

The second type initiation of film boiling would occur because

the vapor velocity is so large that waves are created on the liquid

layer adjacent to the wall. As the vapor velocity increased, the

crest of the waves would increase; finally, patches of liquid would

be torn from the wall, thus causing film boiling. In this region,

increases in the liquid velocity, i.e., increases in flow rate,

pressure and quality, would decrease the film boiling heat flux.
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With this model in mind, the first type film boiling would

occur at low liquid velocities; the second type, at higher liquid

velocities. To check the adequacy of this model on the film boil-

ing data obtained in the 1.0-inch nominal diameter, Mo-.5 Ti tube

with no insert, a plot of film boiling heat flux versus liquid

velocity was constructed.

The determination of the liquid velocity was made in several ways,

i.e.:

i) Assuming a slip ratio of 1.0

2) Assuming a slip ratio of_f/_v

3) Assuming a slip ratio of _ _f/_v

Possibly, neither of the above methods for calculating the slip ratio,

the ratio of the vapor to liquid velocities, is strictly correct.

(See Section V. Analysis.) To obtain an empirical type relationship

between the film boiling heat flux and the liquid velocity, however,

they should be adequate. Figure 27 is a plot of film boiling heat

flux versus liquid velocity, which was calculated assuming a slip

ratio equal to the cube root of the density ratio. The film boil-

ing heat flux varied from 200,000 to 500,000 Bttb/hr-ft 2 and reached

a maximum at a liquid velocity of 45 fps. To provide a stronger

justification for the model, attempts to correlate film boiling data

from water studies in this manner will be initiated.

One interesting side light to this study was the consideration

that if the model were correct, then film boiling could occur up-

stream of the nucleate boiling region. All the data used in this

study were deliberately chosen so that film boiling would occur

downstream of the nucleate boiling region. A review of the temper-

ature profiles of the remaining 148 boiling runs showed that some

runs had regions at the boiler tube inlet where negligible transfer

occurred. Figure 28 presents a typical plot of this condition.

Originally, it was postulated that superheating the potassium liquid

could account for these upstream, low heat transfer regions. How-

ever, as noted in reference 3, the testing was carried out under a

slow transient. It was found in several runs,which exhibited neg-

ligible heat transfer at the boiler tube inlet,that the run Just

previous to it was in nucleate boiling. The change in conditions

was accomplished by decreasing the condenser air flow thus lowering

the heat flux. Thus,a condition of negligible heat transfer occurred

at the boiler inlet, whereas immediately before this, (in time) vapor

bubbles were present to provide nucleation sites. A detailed review

of this aspect of the boiling studies, to determine if those runs

showing regions of negligible heat transfer at the boiler tube inlet

were in film boiling, is planned. Determining whether the film
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boiling relationship presented in Figure 27 also applies to these inlet,
low heat transfer conditions will afford one check on this.

Since all the film boiling data were obtained with one test section,

no geometry effects can be determined• An effort to determine length

effects on film boiling, was inconclusive. The performance of the

boiler constituted one reason for the inconclusive results• The

length effect was examined by noting the length over which film boil-

ing occurred• For a constant length test section, this would be pro-

portional to a nucleate boiling length effect on film boiling. How-

ever, when film boiling occurred over a significant length of the

boiler, heat was transferred to the potassium fluid upstream of the

boiler in the region of the inlet thermal barrier• Figures 3 and 9

indicate this effect. In Figure 3, the film boiling occurs over a

fairly small length of the boiler and the sodium outlet temperature

is approximately equal to the temperature measured on the boiler

shell wall at the end of the active heat transfer length. In Fig-

ure 9, the film boiling occurs over a major portion of the boiler

tube and the sodium outlet temperature is significantly below that

temperature measured as the boiler shell wall at the end of the

active heat transfer length. Thus, some heat must have been re-

jected by the primary fluid beyond the active heat transfer region.

The net result of the boiler performance was that the boiler tube

heat transfer length was not constant, thus defeating any attempts

to determine length effects in film boiling initiation•

Summarizing, a film boiling relationship has been postulated which

significantly correlates potassium film boiling data. _

Although limited in geometry effects, the testing conditions investi-

gated, are

Heat flux Btu/hr-ft 2
, • • • • • • • • • • • •

Secondary flow rate, lb/sec .........

Quality, % ...............
Exit fluid _emperature, OF i ........

204,000 - 498,000
0.0853 - 0.5997

21.9 - 89.6

1497 - 1753

These test conditions cover a wide range and should make this re-

lationship useful for design calculations•
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I.A. 300 KW FACILITY MULTITUBE BOILER TEST SECTION

J. Longo, Jr., D. Ferguson, and R. Stankiewicz

This task was established to provide a more advanced boiler

geometry (multitube) for testing in the 300 kw facility than the

present single tube boiler designs afford. The purpose of test-

ing this more advanced boiler geometry will be

i. To determine the capability of extending present

single tube heat transfer performance data to pre-

dict the heat transfer performance of a multitube

boiler.

. To determine potential problem areas and feasible

solutions that cannot be assessed with the single

tube test boilers. Those areas which must be

covered before reliable predictions on boiler per-

formance can be made are

a. Pressure differences arising from flow mal-

distribution in the boiler headers.

b. Effect of primary temperature distribution

on multitube performance.

c. Stability criteria between parallel boiler
tubes connected to common headers.

The testing of a more advanced boiler geometry provides the next_
Step in the boiling potassium Pr0gram:leadingle_entually to a

full scale boiler.and iS possibledue to the_increased boiling

potassium data obtained by th e Space Power and Propulsion Section,

General Electric Company, under NASA contract NAS 3-2528.

A by-product of the multitube boiler testing will, of necessity,

be a design procedure for fabricating potassium multitube boilers.

The work expended on this task during the reporting period was

concerned with this phase of the study. Parametric studies, both

thermal and geometric, which were initiated during this perlod, and

three boiler design concepts are discussed.

Requirements

Before initiating the actual analysis and design of a multitube

boiler, specifications were established. These preliminary spec-

ifications are enumerated on the following pages.
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Performance

1. Power level: 200 to 300 kw.

2. Life: i000 hrs with 50 room to operating temperature cycles.

3. Temperature: 1850°F shell temperatures continuously and 2000°F

transient.

4. Pressure: 80 psiacontinuous shell pressure and 150 psia transient.

5. Primary fluid: sodium

a. Inlet temperature: 1800-1850°F.

b. Inlet pressure: 40-60 psia.

c. Flow rate: 7 to 14 ib/sec.

d. Pressure drop: i0 psi maximum.

6. Secondary fluid: potassium

a. Inlet temperature: II00-1500°F.

b. Inlet pressure: 40-60 psia.

c. Exit temperature: 1650°F.

d. Flow rate: .08-.13 ib/sec/tube.

e. Pressure drop: I0 psi maximum.

f. Exit quality: 98-100%.

In general, this unit shall be compatible with 300 kw facility

components, i.e., pumps, flowmeters, etc.

Configuration

i. Boiler tube diameter shall be equal to-or less than 1 inch.

2. Quantity of tubes shall be less than 6 but more than 2.

3. The unit diameter and length shall accommodate installation

into the existing 300 kw facility.

4. The unit shall be sized and mounted so that bending of the

boiler shell will not occur.

5. The minimum criteria for instrumentation is that these

items will be measured:

a. Secondary fluid inlet and exit temperature and

pressure.

b. Primary fluid inlet and exit temperature and pressure.

c. Secondary fluid exit temperatureof each tube.

d. Shell wall axial temperature gradient.
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6. The unit shall be oriented so that it is in a vertical

operating position.

7. Servicing the unit shall include these considerations:

a. Provisions for lifting and normal handling.

b. Provisions for drainage of liquid metal from all cavities.

c. Capability of tube inspection, repair and/or replacement.

So Liquid metal to air wall thickness at any point shall not be

less than .030 inch and, for safety, double containment is

preferred in these areas.

. The unit shall be designed so that basic modifications to

the facility will not impede the installation of a super-
heater at a later date.

lo

Materials and Fabrication

All shell components shall be constructed from L-605.
. . ¸:'¸/¸¸% ;...

2. Tubes shall be constructed from material compatible with

the specified liquid metals and the L-605 shell.

3. All welds will be full penetration, crevice free.

4. All critical welds will be X-rayed and leak tested.

o Tube to header and bimetallic joints, if used, shall be

tested in mock-up for elevated temperature operation and

thermal cycle life.

Thermal Analyses

Before initiating actual design calculations, a parametric study

is being conducted to determine the quantitative effects of variations

in significant system variables such as power, heat transfer coefficients,

tube diameter, tube length, and boiler pressure drop.

The basic approach to establishing pertinent design parameters was

to select a range of mass velocity over which the performance of the

multitube boiler would be investigated. The mass velocity is related

to the potassium flow rate, the tube diameter and the number of tubes

by

G = sT_ W K (2)
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The requirement of 50°F superheat also relates the potassium flow

rate to the facility power capability, i.e.,

_a- i.o_ _/K [7, H_ + cry (so +0.LF +0_= KW(3)

where QLF is the heat loss in the facility with the _ex_eption of the

superhea--ter and QLSH is the heat loss from the superheater. Alter-

natively, QLF can be considered as the sensible hea_ required to

bring the inlet fluid temperature to the saturation temperature at

the boiler exit.

Figure 29 is a graph of equation 3 in terms of the superheat re-

quirements, the boiler requirements, and the summation of these,

which must equal the facility requirements. This relationship was

determined by assuming

X=l.0

QLF = 5O kw

QLSH = 5 kw

Hfg= latent heat of vaporization of potassium at 1650°F

CPv = specific heat of potassium vapor at 1800°F

Thus a conservative relationship, i.e., highest heat requirements

for a particular flow rate, is obtained. Once the facility cap-

ability is known, the maximum allowable potassium flow rate can

be determined from Figure 29.

The relationship of boiler geometry to heat transfer area is

ANT = _ Nt Dt L t
/4-4 (4)

Therefore, the heat transfer area can be related to the potassium

mass velocity and flow rate using 2 and 4, i.e.,

Lt

4 W K AHT Dt
(5)
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The heat transfer area required can be determined if the following

items are known:

l) Primary inlet temperature.

2) Heat load, which is equal to X W K H(fg) for the boiler
alone.

3) Primary flow rate.

4) Over-all heat transfer coefficient as a function of

fluid condition along the tube.

5) Secondary temperature along the boiler.

To determine the heat transfer area, the following assumptions

were made:

l) The primary inlet temperature is 1850°F.

2) The primary flow rate is 24 lbs/sec.

3) The over-all heat transfer coefficient is equal to 3000

Btu/hr-ft2°F for qualities up to 70% and 200 Btu/hr-ft2°F

for qualities from 70-100%.

Figure 30 depicts the required heat transfer area as a function of

the secondary inlet temperature and flow rate using these assumptions.

A primary flow rate equal to 24 ibs/sec exceeds the facility capability

and effor_to determine the proper value is proceeding. Also, new

data, presented in this report, will invalidate assumption 3. The

present parametric study is, therefore, being revised to reflect these

changes.

Using the heat transfer area as determined above, the ratio of

boiler tube length to diameter is given in equation 5, i.e.,

= G A.T (6)
D t _ W K

The pressure drop across the boiler tube on the secondary side is

given by the following equation:

AP • L _ k (7)
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It is conservatively assumed that the friction portion of the

pressure drop is equal to that value calculated as though 100% vapor

passed the length of the tube. Also, the friction factor from ref-
erence 8 is

Substituting equations 6 and 8 into equation 7, the pressure

drop relation becomes

o.z._ " _.o,../_- .. O.z.t"

__(, ')

Taking fluid properties at the saturation temperature of the second-

ary inlet fluid at the initiation of boiling, the pressure drop across

the boiler_tube on the secondary side can be calculated.

The exit temperature is then determined from the following equation:

TK-o,,-t : F EP;,, -
(i0)

where the vapor pressure Vs. temperature data from reference 9 are used.

Note that the diameter is still present in equation 9 and should

be accounted for. Figure 31 presents the friction and momentum

pressure drops as a function of secondary mass velocity and tube

diamete_ The large diameter effect shown is somewhat misleading and

must be considered in the light of the momentum pressure drop. For

example, until the tub_ length is equal to I0 ft, the momentum

pressure drop is controlling and changes in diameter are insignificant.

Figure 32 presents the exit potassium temperature as a function of

potassium mass velocity, flow rate, and tube diameter for a potassium

inlet saturation temperature of 1700®F. Up to a mass velocity equal
to 30 ibs/ft2-sec, a diameter change from 1.0 inch to 0.25 inch de-

creased the exit potassium temperature by less than 10°F.
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In summary,

• The 300 kw facility appears capable of generating and re-

moving 300 kw at 1850°F. (See Section I. 300 KW Faeility.)

The maximum allowable potassium flow rate for this power is

0.3 lbs/sec wtihout a superheater and 0.28 lbs/sec with a

superheater requirement of 50°F.

• The primary flow rate capability must be determined before

the design can be set.

The revised heat transfer area required will be calculated

using the data reported in the 300 kw facility analyses

section of this report and the primary flow rate capability.

• Curves similar to Figure 32 will be obtained and, for the

desired exit temperature and secondary flow rate, the re-

quired potassium inlet temperature and mass velocity com-

bination can be determined.

For a particular inlet temperature, then, the combination

of number of tubes (Nt) , tube length (Lt), and tube diameter

(Dt) , which provides fabrication and design simplicity con-

sistent with facility space accommodations, can be chosen.
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Geometric Study

In conjunction with the performance parametric study, a geometric

investigation was also performed. Appropriate design equations were

developed to determine boiler configuration and arrangement for a

coiled and a straight bundle. The relationships consider such

factors as tube diameter, quantity, length, spacing, and available

boiling section envelope. These equations, instrumental in the

current design, will also be useful in future multiple tube invest-

igations.

Coiled Tube Geometry. Figure 33 illustrates a typical coiled

tube arrangement. The minimum practical coil diameter (Dco) is a
function of the tube diameter (Dt) , the tube wall thickness (t),

and helix angle (_). Figure 34 is a bend radius curve for a

material comparable to L-605.' From this, the following tube

bending equation/was derived:

0to = z X Dt _ cos/ (n)

where _is a tube bending constant; it was selected to give a value

which is relatively conservative for normal forming of L-605 ma-

terial.

From geometric relationship, the pitch (p) for a given tube is

p = N_ (o, + s) (12_

where Ntis the number of tubes in the bundle and S is the tube to

tube spacing. By geometric relationship, the length per coil is

L_o = 7F,"+ (n-0oo)_ (13)

The number of coils for each tube (n) and the total tube length (Lt),

respectively, are

= Z_ ; Lt = Leo _ = -_-----itZ (14)
P p

where Z is the available heat transfer shell length.

Re-arranging, substituting, and solving for Z gives

A

i _- N O)t +s) ./
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Also, the minimum shell inside diameter is

Ds = Dco + Of. + c.

or, substituting,

Z 2¢ De"
,..I]5 .7. _ .

+ D_: + a. (16)

where c is the tube to shell diametrical clearance.

Straight Tube Geometry. In Figure 35 a typical straight tube

arrangement for a two pass system is illustrated. Relationships

can be developed between tube diameter (Dt) _ tube to shell dia-

metrical clearance (c), number of tube passes (Np), number of

tubes (N t) that will fit within a given shell diameter (Ds) , and
tube to tube clearance (p I) and (r). The distance between tube

centers in any row is designated P_ and the distance between tube

centers from row to row is designated r. The relationships ob-

tained require an iterative process for solution and are app-

licable to computer techniques. The number of tube passes (Np),

is determined from the active heat transfer length (Z), per-

missible from facility considerations, and the desired boiler

tube length (Lt) , from heat transfer considerations. The re-

lationship is

Np -- L_
Z: (17)

The number of partition plates (Nh) required is one less than

the number of passes, i.e.,

(18)

Referring to Figure 35, the outer tube circle diameter (Dot) can

be related to the shell diameter by the following relationship:

The number of tubes that can be positioned in a shell is based

on calculating, row by row, tile number of tubes which could be

placed in the chord of the circle defined by Dot.

(19)

The first row of the tube centerlines (nr= i) is located at

r/2 from the center line of the circle and each successive tube

row is located at r distance from the preceding one. Thus, the

distance from the edge of the circle to the nr_ row (h' n) is

Z Z
(2O)
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where nr is the row number and C 2 is the thickness of the partition.

For more than a two pass system, the above equation does not apply.

The chord length of the nth row is then

and the number of tubes is then

Z =N
r

N_ = _ S_ (22)

nr =1

where each term Sn/P I is rounded off to the next lower integer.

The limiting row count (N) is reached when Sn/P_ 1

Structural Analysis

Basic structural components of a coiled tube and a straight tube

boiler are being investigated in the following areas:

l) Static pressure stresses.

2) Boiler tube buckling criteria.

3) Thermal stresses.

4) Thermal expansion and associated stresses.

5) Thermal transient stresses.

Table 2 summarizes applicable L-605 properties which are being used

in the structural analyses. These properties were obtained from

references l0 and ll.

Design Discussion

Based upon the above analyses, three design configuration are

being considered. They are

i) Straight tube, floating header (Figure 36).

2) Straight tube, hairpin bend (Figure 37).

3) Coil tube, single pass (Figure 38).
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Both the straight tube configurations are two tube pass, two shell
pass heat exchanger configurations. A two pass arrangement should
provide sufficient boiler tube length. Primary and secondary fluid
design arrangements are shownin Figures 36 and 37. The design
differs basically in the method of transition from the first to the
second tube pass. The configuration shownin Figure 38 is a one
tube pass, one shell pass arrangement.

For purposes of comparison, the advantages and disadvantages of

the straight tube configurations and coil tube arrangement are

presented in Appendix A. Current technology from the present 300

kw single tube test boiler has been factored into the designs cited.
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II° I00 _ FACILITY

J. A. Bond

The lO0 kw facility is a single loop system used to study alkali

metals boiling heat transfer at temperatures up to 2200°F. The

electrically heated boiling test section is a vertical section of

3/8 inch schedule 80, Cb-lZr pipe. Thermocouples are attached

along the outer wall of the test section at intervals of approxi-

mately 3 inches. A preheater, located upstream of and in series

with the test section, controls the boiler inlet subcooli_4. Refer-

ence 1 gives a detailed description of the lO0 kw facility, which

differs from the 300 kw system in four major areas:

I) The boiling test section is a uniform heat flux

type.

2) Designed to exceed the 1850°F limitation of the

300 kw facility, the lO0 kw facility has operated

successfully up to 2200°F.

3) Heat is rejected from the system by radiation to

the water-cooled walls of the enclosure.

4) Because it is smaller in size and power rating,

this loop is operated more easily and is, there-

fore, particularly attractive for development

work.

This section covers the lO0 kw system operation and the data

obtained from October l, 1963 through December 31, 1963. A review

of problem areas associated with loop operation and instrumentation

with proposed solutions is also included.

I00 KW Operation

Operation with potassium as the working fluid continued during

this report period. The facility operated at fluid temperatures

above 800°F for 579 hours; total facility operating time above

800°F is now 2625 hours. In December, the facility was shutdown

for the reasons which are enumerated and discussed below.

I) Installation of a new 3/4 inch schedule 80 test

section.

2) Replacement of the W vs. W / 26% Re thermocouples

with W / 3% Re vs. W / 26% Re thermocouples.

3) Installation of a new power measuring system.

\
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The i00 kwfacility was first operated with stable boiling in
February 1963. Previously, problems pertinent to heat transfer
measurementwere secondary to initiating loop operation. Although
stability continues to be a major problem area, considerable stable
boiling data have been obtained. Examination of these data has
revealed several problem areas:

. Temperature measurement

. Power measurement

. Flow measurement

. Stability

Temperature Measurement'j_T_e fIuid temperature is measured at:the
the preheater inlets: tha_boiler inle_ an@algeria mixer:loca_eddown-

stream of the test section. The preheater and boiler inlet temper-

atures are measured with thermocouples attached to the outer wall

of the pipe. Although the pipe is insulated, there is always some

heat loss and assuming the wall temperature is equal to the fluid

temperature could introduce significant errors. To determine the

inlet fluid temperature more accurately, a thermocouple well has

been installed at the inlet of the new 3/4 inch test section.

The mixer, located approximately 15 inches from the boiler exit,

consists of two baffle plates. The thermocouple used to measure

the boiler exit temperature is located in a well downstream of the

mixer.

Measuring the potassium temperature at the mixer imposes two

problems, one during boiling operation and one during liquid test-

ing. During boiling operation, the fluid entering the mixer is a

two-phase mixture° Consequently, the pressure drop across the

baffle p_tes is accompanied by a corresponding decrease in the

fluid temperature. During liquid operation, because of heat loss,

the temperature measured in the mixer is lower than the fluid

temperature at the test section exit° The pipe connecting the

test section and mixer is insulated° However, the pipe leading

to the differential pressure transducer, which is located between

the mixer and the test section, cannot be insulated because it has

a bimetallic Joint that must be kept coolo The transducer line,

then, acts as a radiating fin through which heat is lost from the

fluid.

To determine the heat loss from this fin, thermocouples were

attached at the base and tip of the transducer line. Using the

radiating fin analysis of reference 12_ these measured temperatures

were used to calculate the heat loss. Figure 39 shows the cal-

culated heat loss as a function of the temperature at the base of

the fin° q_e loss, although small, could lead to large errors in
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liquid temperature because of the low flow rate and low specific heat
of potassium. For example, at 1400°F the heat loss is approximately

.0_ Btu/sec and the specific heat is approximately .192 Btu/ib-°F.

For a typical flow rate of .04 ib/sec, this represents a temperature

drop of 5.2°F; for lower flow rates and/or higher temperatures, the

error is even greater. To reduce errors in fluid t@mperature mea_e-
ment, the mixer i_Was removed and a thermocoUple _el_:_installed..!4_.7/.

inches downstream.of._the test section exit.... .... "_'.... _". • ....:. :

Temperatures on the wall of the boiling test section are measured

with thermocouples attached to the outer wall. As cited previously

in reference B, the major operational problem is thermocouple failure.

Failure is usually caused by separation of the pure tungsten wire from

the boilertube at the weld Junction. Two possible replacement thermo-

couples have been tested in the boiling test section. The results of

these tests indicated that the failure rate will be reduced signifi-

cantly if the W vs. W I 26% Re thermocouples were replaced by W / 3% Re

vs. W I 26% Re thermocouples. At the end of this reporting period,

therefore, a complete reinstrumentation was proceeding. A measure-

ment problem in the test section wall thermocouples, caused by

radiation effects from the radiant heaters is being reviewed cur-

rently. Further changes, especially in the manner of shielding

these thermocouples, may be desirable.

Power Measurement. Electrical power input to the I00 kw test

section is calculated from the measured values of voltage and amp-

erage. The current is measured with a current transformer whose

accuracy is 3% of the full scale reading which is 350 amps. At

low power levels in the range of 0 to 4 kw (gross), errors as

large as 20% in the power measurement could occur. A calibrated

polyphase wattmeter with an accuracy of .75% has been obtained

from the Advanced Technology Laboratory, General Electric Company.

This wattmeter will be use_ in future tests.

Fle_ Measurement. The flow rate in the facility is obtained from

the output signal of an electromagnetic flowmeter. The room temper-

ature magnetic flux density of the magnet is 895 gauss. Because of

the low flow rates, the resulting flowmeter output signal is approxi-

mately 0.I milivolts. In some cases, the noise level can be a sig-
nificant fraction of the total measured signal. Since this signal

is proportional to the magnetic flux density at a given flow rate,

installing a new magnet with a higher flux density is planned.

Stability. In reference 2 a system operating envelope, which

indicated the regions outside of which it is impossible to operate,

was determined. This envelope indicates the operating limits imposed

by thermodynamic and heat transfer considerat_o_ and showsam

estimated heater capacity of 50 kw. A more thorough analysis has

shown the heater capacity to be 35 kw, This limit was obtained as

follows: measured values of line current were plotted as a function

of the corresponding line-to-line voltage as shown in Figure 40A.

This data was obtained during actual boiling operation. The current

is not a linear function of voltage because the heater resistance
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increases with temperature. The line current in the three phase

"Y" connected heater circuit is given by:

IA - .,5.VAB (1)
R

where,

IA : Line current

VAB : Line-to-llne voltage

R Electrical resistance of one tungsten

rod at temperature. Each phase of the

circuit consists of 5 rods in parallel.

The variation of resistance with temperature is given by:

R = Ro / Q( tc (2)

where,

R o : Room temperature resistance of one rod.

O( : Temperature coefficient of resistance.

t c = Tungsten rod temperature.

Combining (I) and (2) and solving for tc:

1 r5 VAB

tc - _ [_ IARo

Thus, the tungsten rod temperature can be deduced from the measured

values of VAB , IA and Ro. The power is obtained from VAB and IA:

P -- _ VAB IA (4)

Figure, 40B is a plot of heater power as a function of rod temper-
ature as obtained by the above procedure. This shows a maximum

heater capacity of 35 kw at a rod temperature of 5900°F. Figure 40C

is the revised system operating envelope as determined by thermo-

dynamic and/or heat transfer considerations. The system operation

is further limited by instabilities in the loop which are described

later in this report.
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Figure 40D is a plot showing combinations of net boiler power and
flow that can be achieved in the present lO0 kw facility. The verti-

cal line at W = 0.087 lb/sec represents the maximum flow obtainable

with the present orifice installed. This limit was obtained by cir-

culating liquid potassium (no boiler power) in the loop with the power

to the pump at its maximum setting. To operate at higher flows, the

orifice diameter must be increased. As power is increased, boiling

begins in the test section and the friction pressure drop increases

with a resultant decrease in flow. The slanting dashed llne shows

the decrease in flow with power at a loop pressure of 140 inch Hg;

this line was drawn through the one measured point as shown. The

horizontal llne at 22.8 kw represents the net power limit imposed

by the present heater. This is based on a gross power input of 35

KW and a heat loss equal to 35_ of gross. The rectangle A-B-C-D defines

the power and flow limits of the present system. To operate at higher

flows, the orifice diameter must be increased and, if higher power is

desired, the heater must be replaced.

The cross hatched area in Figure 40D shows those combinations of

flow rate and power at which stable boiling data have been obtained

to date. Even in this region, the system is not always stable be-

cause the loop pressure affects stability. The upper and lower

limits of the "stable boiling region" are best described by con-

sidering the sequence of events as the flow and loop pressure are

held constant and the boiler power is slowly increased:

l) Initially, with no boiler power, the fluid is all

liquid with a steady flow rate and pressure.

2) As the boiler power is increased, the fluid temper-

ature at the boiler exit approaches the saturation

temperature corresponding to the loop pressure at

that point.

3) When the power is increased sufficiently to initiate

boiling at the test section exit, the liquid at this

point frequently begins tosuperheat. During the super-

heating process, the flow and pressure remain con-

stant as the liquid temperature rises above the

saturation temperature. Finally, a critical super-

heat is reached (usually between 50°F and 200OF).

Here, the liquid flashes and the temperature drops

sharply to saturation. Simultaneously, a sudden

decrease in flow is observed. This "bumping" often

initiates pressure oscillations in the dump tank.

The flow then oscillates a few times and the super-

heating process recurs. This cyclic process con-

tinues until operator action is taken.
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4) As the power is again increased, a point is reached at

which stable boiling begins, as indicated by the stability

of the flow rate, loop temperatures, and dump tank pres-
sure measurements.

Stable boiling continues as power is increased.

Finally, a power level is reached at which unstable

boiling occurs again.

6) As power is increased further, the system remains

unstable up to the maximum power limit.

To extend the region of stable boiling, installing a valve between

the dump tank and the loop is being considered. This valve would en-

able the loop to be hydraulically separated from the dump tank during

operation and thus prevent amplification of the loop oscillations by

the dump tank.

Data Analysis

The operation of the 100 kw facility can be separated into two

categories: liquid operation, in which the data taken were used

to evaluate the heat loss from the transducer line and calibrate

the instrumentation; boiling operation, in which the data taken

were used to determine boiling heat transfer coefficients. The

liquid data are included in Appendix B. Figure 41 is a plot of

Nusselt number versus Peclet number for these data. The low values

of the Nusselt number are probably caused by errors in temperature

measurement. The measured fluid temperature is low because of the

heat loss in the transducer line discussed above. Direct radiation

from the tungsten heating rods may cause the measured tube wall

temperature to be high. Both these effects combine to give an

erroneously large temperature difference and, hence, the Nusselt

number is low. The thermocouple wells in the new test section at

the inlet and outlet should eliminate the large fluid temperature

error. A method, which has been devised to determine the error

caused by radiation will be checked and reported in the next

quarterly report.

Forty-nine points were taken during stable boiling of potassium

in this quarter. The results of these tests are presented in Appen-

dix B. The calculation procedure has been reported in reference 3.

Because of changes in the location of instrumentation, the data are

reported in two parts. The ranges of variables covered in these

tests are:

Heat flux, Btu/hr-ft2 ............ 34,000 to 160,000

Mass flux, lb/hr ft2 ............ 54,000 to 240,000

Boiler outlet temperature, OF ........ 1560 to 2202

Quality, % ................. 2 to 54
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These constitute the first stable boiling potassium data obtained

in the 100 kw facility with fluid temperatures of 2200OF. Figures

42 through 48 are plots of heat flux versus temperature differential

(AT) between the inside wall and mixer based on the data reported.

The inside wall temperature was determined from the heat flux and

the outside wall temperature measured by thermocouple number 13

located _ 7/8 inches upstream of the boiler exit. Each plot includes

data taken at a constant pressure with mass velocity (G) as a constant

parameter. Apparently, increasing G increases the heat flux (q/A)

for a glvenAT at the lower pressures. The effect of quality, how-

ever, is combined with the effect of G in these plots. This trend,

increasing q/A with increasing G at a glven/kT, is not clearly

evident at the high pressures.

In Figures _9 through 55, the same data are plotted as heat transfer

coefficient versus boiler exit quality. Each of these plots includes

data taken at constant mass flux with pressure as a constant parameter.

The heat transfer coefficient apparently increases with quality over

the ranges studied. Again, in these plots, the effects of G and

quality cannot be separated. The effect of pressure is clearly
evident at low mass fluxes.

A comparison of the boiling heat transfer data taken during this

quarter and those taken previously is currently being conducted.

The results will be reported in future quarterly reports.
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III. 50 KW FACILITY

S. G. Sawochka

Tile 50 kw facility is used to obtain condensing data for alkali metals.

T¢ obtain a wide range of ccndensing heat flux over a range cf coolant

temperatures, this two-loop system uses a sodium cooling loop. The test

section is a vertical, annular configuration with potassium condensing

inside a thick-walled nickel tube and sodium coolant flowing in the annulus.

Except for the test section, the potassium and sodium loops of the facility

are constructed of Type 316 SS; loop operation, therefore, is limited to

1600°F.

This section, covering the 50 kw operation from September 1963 through

December 1963, details the maintenance, modification and operating cycle

of the facility as well as the data obtained; During this period, the

50 kw facility was operated above 800°F for I00 hours; total loop oper-

ating time above 800°F effective December 31, 1963 was 440 hours. In

this quarter, 128 runs were made on the 5/8" ID test section. Of these,

18 were condensing runs and the remainder were heat loss determination,

thermocouple standardizations and liquid-liquid runs. The data from the

condensing and liquid-liquid runs are presented in Appendix C of this

report. With the installation of a calorimetric flowmeter the deter-

mination of the potassium flow rate improved significantly during this

period. The need for the calorimetric flowmeter as well as the design

and the error analyses of the installed version are discussed in this

quarterly report. An evaluation of the data obtained in the 50 kw

testing indicate the following results, which are detailed later in

this section:

i) Local liquid potassium heat transfer coefficients,

especially at low Peclet numbers, fall below pre-

dictions based on both theory and empirical cor-

relations, reference 14.

2) Local condensing potassium heat transfer coefficients

de_ermined between l170°F and 1260°F ranged from 4000

to 9000 Btu/hr-ft2-°F, with an apparent increase in

the condensing coefficient with an increasing inlet

vapor temperature.

50 KW Operation

The 50 kw operating log covering this reporting period is abstracted

below.

10/1/63

10/2/63

Sodium and potassium liquid heat loss and thermo-

couple standardizations, 650-850°F.
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10/3/63

10/5/63

10/6/63

10/24/63

10/25/6_

10/31/63

11/1/63

11/6/63

11/7/63

11/16/63

11/17/63

11/18/63

11/19/63

11/30/63

12/1/63

12/4/63

12/5/63

12/8/63

12/31/63

Liquid-liquid data runs for local heat transfer

coefficient determinations.

Reworked sodium pump wiring for higher flow

capacity. Installed second electromagnetic

flowmeter on potassium loop and second set of

electrodes on the original flowmeter.

Circulated potassium loop to compare flowmeter

readings.

Loop dumped and cooled in preparation for in-

stallation of thermal calorimeter flowmeter.

Calorimetric flowmeter assembled and bench

welded.

Calorimetric flowmeter welded in place. (See

Appendix D for location and description.) In-

strumentation installed and checked out.

Calorimetric and EM flowmeters tested by cir-

culating potassium at 650-750°F.

Potassium boiler emptied and refilled twice with

hot trapped potassium ( <30 ppm 02). Inability

to obtain flow indicated braze failure of pump

duct to the electrode in the potassium loop MSA

electromagnetic pump.

Completed high temperature heat loss and sodium
Thermocouple standardizations at 950 and 1050°F.

Completed potassium vapor thermocouple standard-

izations and began condensing experiments at

1150-1250°F. Low power runs successful, but

pin hole leak was indicated by smoke from bottom

of test section. Shutdown facility to dismantle
test section and determine cause of leak.

Test section dismantled. Pin holes through seal

weld of sheet insert in the slotted section of Ni

tube determined as the location of the leak.

The latest failure of the condenser test section had been repaired by

modifying the Joint between the Junction of the thick-walled nickel tube
and the 1/2-inch Type 316 SS (reference 3). This fix was a success.

Although the 1/2-inch pipe at the bottom of the test section, where this

repair was made, was bent approximately 15 °, the brazed Joint did not fail.
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Data Analysis

The test program presently being conducted in the 50 kw facility comprises

two phases; a liquid-liquid test program and a. condensing test program. The

liquid-liquid test program that has been carried out (although necessarily

limited because the prime objective of this program is the determination of

condensing heat transfer coefficients), has fulfilled the initial objectives

of the program. Namely:

i) To evaluate instrumentation reliability and accuracy

2) To ensure that the radial wall temperature profile

provided an accurate indication of the local heat flux

3) To determine test section heat balances

The method of thermocouple standardization discussed in previous quarterly

reports,references 3 and 8, has been completed. In order to assist the reader,

and avoid having to review past quarterly reports, the standardization procedure

together with the important results are presented below. The term standard-

ization is used rather than calibration since the method employed in correcting

the thermocoupleswas to reference them to a particular thermocouple installed

in the facility rather than to a primary reference.

The procedure used to standardize the sodium, potassium and test sectlon

thermocouples is presented below:

The sodium inlet and outlet thermocouples are standard-

ized to one of the sodium inlet well thermocouples. The

test procedure is to determine the sodium inlet and out-

let thermocouples readings at various temperature levels

and at least two sodium flowrates per temperature level

with the potassium loop evacuated.

Thus for any run, the thermocouple standardization fac-

tor for a particular thermocouple is given by

(i)

at the same temperature level but at sodium flowrate Wi,
the standardization factor for the same thermocouple

is given by

(2)
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also the heat loss (qL) is given by

v AtT. -TQ (3)

If the air side resistance is controlling then q_ _ F (W N ) andL a

q.. in equation 1 is equal to qL2 in equation 2. Further if the
s_ndardization factor is assumea to be only a function of temper-

ature level then equation 1 and 2 can be combined to give

Solving for qL

% (5)
1ram

and the standardization factor for the particular thermocouple

can be obtained from equations 5 and 1.

Therefore at each temperature level, each sodium thermocouple will

have a standardization factor referenced to the inlet sodium ref-

erence thermocouple. By noting the reference sodium thermocouple

reading, the standardization factor for another sodium thermo-

couple is then known. Thus,when determining the heat given up

or accepted by the sodium, the following relationship is used

(6)

2,

where _0and _ apply to the outlet and inlet thermocouples re-

spectively and are both standardized to the same reference

thermocouple.

The potassium inlet and outlet thermocouples are standardized

to one of the potassium inlet thermocouples. The test procedure

is to determine the potassium inlet and outlet thermocouple

readings at various temperature levels and at least two pot-

assium flowrates per temperature level with the sodium loop

evacuated.

Thus,in the same manner as detailed for the sodium thermocouples,

the standardization factor for each potassium thermocouple re-

ferenced to a potassium inlet thermocouple is determined for each

temperature level.
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3. The test section wall thermocouples are standardized to the same

potassium inlet thermocouple used to standardize the potassium

thermocouples. The test procedure is to determine the test sec-

tion wall thermocouples and reference potassium inlet thermo-

couple readings at various temperature levels with low velocity

potassium at high quality and with the sodium loop evacuated.

The test section outside shell is maintained at the potassium

vapor temperature for the high temperature runs with electrical

heating. This eliminated the necessity of considering heat losses

in determining the standardization factor for the test section wall

thermocouples.

The important results of the standardizing procedure were

1 0 Standardization factors for the sodium thermocouples were ob-
o

tained at 600 F, 700°F and 780°F0 There were no detectable

trends of standardization factor with temperature level. The

standardization factors for the thermocouple exhibiting the
O

greatest deviation were 3.3 F, 3.0°F and 3.5°F for temperature

levels of 600°F, 700°F and 730°F respectively.

2. Standardization factors for the potassium thermocouples were

770°F
O

obtained at 660°F, and _50 F. There was a detectable

trend of standardization factor with temperature level. The

standardization factors for the thermocouple exhibiting the
O O

greatest deviation were -0.9 F, 1.3 F and 2.5°F for tempera-

ture levels of 660°F, 770°F and 850°F respectively.

3. Standardization factors for the test section wall thermo-
O

couples were obtained _ l160°F and 1260 F. There was no

detectable trend of standardization factor with tempera-

ture level. The standardization factors for the thermo-

couple exhibiting the greatest deviation were 1.3°F and
O O O

1.2 F at 1160 F and 1260 F respectively.

The changes in the standardization factors for the potassium thermo-

couples are probably due to the probe measuring a local temperature

along a radial profile rather than the bulk mean temperature. This is

indicated by the potassium thermocouple data taken during the standard-

ization of the test section wall thermocouples. In these runs_ heat

loss was prevented by maintaining the wall at the potassium vapor

temperature, and the potassium thermocouple standardization factors

did not vary with temperature level. The maximum deviation was 1.3°F

and was constant from l160°F to 1260°F. With no heat transfer occuring,

the potassium temperature does not vary with radius and thus the local

temperature is indicative of the bulk temperature.

Another factor pointing towards the probe measuring a local tempera-

ture along a radial profile rather than the bulk mean temperature is
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provided by comparing the standardization factor for the sodium and pot-

assium thermocouples. The apparent change in the standardization factor

with temperature level occured in the loop which had no mixing baffles

(potassium) while the loop which had mixing baffles (sodium) did not

exhibit this effect.

Since the standardization factor of the potassium and test section
o

wall thermocouples were less than 1.3 F in the no heat loss standard-

ization runs, it was decided to reduce the data without thermocouple

corrections. Note that the liquid-liquid analyses will be affected by

the uncertainty in the outlet potassium bulk temperature; for condensing

runs however, this is not:a serious consideration.

The data reduction procedure and the results of the liquid tests are

presented in Appendix C. The following observations are pertinent.
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Runs 1 Through 93

l)

2)

3)

4)

5)

l)

Since in these liquid runs, the test section performs as a cocurrent

heat exchanger, the overall temperature differential between the

sodium and potassium is greater: at the first axial station (L/D=19)

than at the second axial station (L/D=38). Thus the heat flux and

the temperature difference between the potassium and the inner wall

is:also greater at the first-axialpcsitilon, iFor this reason, tl_e cal-

culated liquid heat transfer coefficient at the first axial station

is more accurate, in some cases by a factor of 2, than the heat

transfer coefficient determined at the second axial station.

Four wall thermocouples were operating at the first axial station

while only three were operating at the second axial station. Thus

the extrapolation of the wall thermocouple readings to infer the

inner wall temperature has one more degree of freedom at the first

axial position.

The outer wall to sodium temperature difference is much smaller

than that of the potassium to inner wall temperature difference

at either station due to the larger<(1.72") diameter at the sodium-

wall interface as compared to the diameter (0.625') at the potas-

sium-wall interface. In addition, the outer wall temperature to

sodium temperature difference is smaller than that of the inner wall

to potassium temperature difference at the same Peclet number due

to the higher thermal conductivity of the sodium as compared to

the potassium.

The sodium liquid heat transfer results are therefore not as

accurate as the potassium liquid heat transfer data.

The agreement between the measured potassium heat transfer co-

efficient at the two axial stations, as shown in Figure 56 and

presented in Appendix C, is excellent, considering the qualifi-

cations cited in items 1 and 2, above,

As indicated by the dates of the liquid data, three repetitive

print outs of the system thermocouples were taken at each data

point. This procedure was followed to alleviate erroneous results

caused by a print out mistake on any of the repetitive readings.

Runs 94 Through 110

These runs, taken during initial testing, show a non uniform

circumferential temperature condition on the sodium side. The

fact that the measured temperature profile in the nickel tube

wall does not have a straight line profile, when plotted as

the logarithmic location of the wall thermocouples, evidences
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this non-uniformity in radial temperature distribution. As the sodium
flow rate was increased the measured temperature profile approached

the linear logarithmic relationship expected. Figure 57, shows the

measured temperature profile for a h_h and low sodium flow rate.

Extrapolation of the logarithmic wall profile to obtain inner and

outer wall temperature is, therefore, unjustified for the runs at

low sodium flow rates as indicated by comparing the potassium Nusselt

number results with those of the first 93 data runs.

2) _lis non uniform circumferential temperature of the sodium condition

indicated that maintaining high sodium flows was necessary during

all further testing of either liquid or condensing heat transfer.

A plot of the liquid Nusselt number versus the Peclet number for both

axial stations for runs 1 through 93 is depicted in Figure 5G. Because

ef the accuracy qualifications discussed, the L/D effect seemingly in-

dicated here is not considered meaningful. For comparison, the analy-

tical prediction of Lyon (reference 13) and the empirical correlation of

Lubarsky (reference 14) are shown in the figure; as shown, the results

are lower than those which would be estimated by either correlation.

Axial conduction, nonwetting, gas on oxide films, or inaccuracies in

the experimental procedure are not considered acceptable explanations

for the relatively low values of the Nusselt number. Minor distortions

of the velocity profile_ however_ can have sufficient effect to account

for the difference between the experimental results and theory. To

support this hypothesis further, the results of Johnson etal. (ref-

erences 15 and IG) seem to indicate a difference in Nusselt numbers for

the same Peclet number caused by flow direction, i.e., up or down.

Also, if the potassium outlet thermocouples are not measuring bulk

conditions, especially at the low velocities lower Nusselt numbers

would result for the low Peclet numbers than those predicted.

Condensing Runs

_le data reduction procedure and the results of tile condensing runs

are also included in Appendix C. Again, no thermocouple corrections

were added to the measured values. Because of the low boiler power

which was selected to initiate the condensing test plan, the potassium

flow rate was very low approximately I0 Ib/hr. This produced condensing

heat fluxes from 15,000 to 24,000 Btu/hr-ft 2 with local condensing heat

transfer coefficients from 4000 - 9000 Btu/hr-ft2-°F. In the condensing

runs, the test section is a countercurrent heat exchanger where the

potassium vapor enters at the top of the test section while the sodium

enters at the bottom. In these runs four wall thermocouples at each

axial location were operable.

FGr comparison to theory, the results are plotted in Figure 5S as

local condensing ratio versus local film Reynolds number. Only the

-42-



top axial position (L/D=-19) results are considered reliable within +30%.

The bottom axial position (L/D=-38) results are not considered as reliable

because of the scatter in the wall thermocouple readings. Figure 59 is

a typical plot of the radial temperature profile. The bottom profile is,

no doubt, distorted because of the sodium leakage and subsequent break-

down of the thermocouples near the bottom of the test section which

ultimately caused the test section failure. Using the high reliability

measurements at the top axial position, Figure 60 is obtained by plot-

ting the condensing ratio versus the inlet potassium temperature. Al-

though the film Reynolds number variation is only _ii_, the condensing

ratio exhibits a definite increase with temperature. This is in con-

trast to the result which could be anticipated if a thinning of the

film by vapor shear were occurring, since the vapor velocity is higher

at the lower temperature. A possible mechanism for the increase of

condensing ratio with temperature is the existence of a vapor to liquid
t! . tt

interracial heat transfer reslstance . Although this presupposes a

nonequilibrium thermodynamic condition at the gas-liquid interface, it

is not unlikely. This type heat transfer resistance has not been noted

with high Prandtl number fluids, but it has been suggested and detected

experimentally by Bonilla (reference 17) with Mercury. The existence of '

interracial resistance would be impossible to detect, except with low

Prandtl number fluids, since the film resistance would be large by comparison.

In this series of testing, although the temperature range was rela-

tively small, 1170-1260°F, the vapor pressure and density vary approxi-

mately by a factor of two. Interestingly, these variations roughly

correspond to the increase in condensing ratio with temperature.

The condensing pressure drop was calculated by taking the difference

in saturation pressures corresponding to the measured potassium vapor

temperatures at the test section inlet and outlet. The pressure drop

varied from 0.017 to 0.037 psi over the testing range, the higher drop

corresponding to the lower temperature. Consideration and interpretation

of the pressure drop results will require further analyses and will be

reported in the next quarterly report.

Calorimetric Flowmeter

When the liquid-liquid data were reduced, a definite error in

either temperature or flow measurement was indicated. This error

became evident in two ways:

i) An average test section heat balance error of approximately

159 was obtained for all the runs by comparing the heat

lost by the potassium to the sum of that gained by the

sodium and the test section heat loss.

2) The heat flux obtained from the slope of the line drawn

through the wall thermocouples and that calculated from

the equations defining the cocurrent exchanger did not

agree by 10-20%.
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An effort to prove the validity of :the heat flux, calculated from
the wall radial temperature profile in the reduction of the condensing
data, required that the reason for the discrepancy between the calcu-
lated and measuredvalues be determined.

Since the sodium and potassium bulk fluid thermocouples had been
relatively calibrated as accurately as possible, it was postulated

that the discrepancy in heat flux could be caused by an error in

flow measurement. To determine if the flow measurement were in error,

an independent check on the potassium flow rate was necessary. A

calorimetric flowmeter was designed and used as described in Appendix

D. The results showed that, when all corrections had been applied to

the theoretical flow equation of the EM flowmeter, this flowmeter gave

readings which were approximately 14.5% lower than that obtained with

the calorimetric flowmeter. The potassium flow rate obtained by the

two methods is tabulated below.

Test

Number Calorimetric

Flow Rate,

ib/sec

Electromagnetic

Ratio, Calorimetric

to Electromagnetic

1 .141 .122 1.156

2 .306 .271 1.129

3 .311 .275 1.131

4 .312 .268 1.164

Use of the flow measurements obtained with the calorimetric flowmeter

eliminated those factors which previously had provided an indication

of an error in flow measurement.
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IV. POOL BOILING HEAT TRANSFER INVESTIGATION

C. F. Bonilla

The pool boiling studies will provide basic data for understanding

and correlating alkali metal heat transfer mechanisms, rather than

design data as obtained in the 300, i00, and 50 kw facilities. Such

information as surface effects, i.e., roughness, wettability, etc

can be obtained more readily with pool boiling investigations than

with forced circulation boiling loops.

During this report period, problems associated with the checkout

of the pool boiling apparatus and with the instrumentation have con-

tinued and boiling operation, consequently, has been delayed.
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V. ANALYSIS

G.L. Converse

The data obtained in the 300, i00 and 50 kw facilities are not,

in themselves, directly applicable to design. The analyses task

was established to combine the data generated by these separate

facilities and arrive at meaningful design specifications. This

section describes the analytical methods that were employed and

the results that were obtained in arriving at the desired alkali

metal heat transfer characteristics from the data generated in

the separate facilities. The work effort during this quarter

concentrated on determining the range and magnitude of the accel-

eration and elevation pressure drops in a boiling potassium system.

In proceeding from two-phase pressure drop testing to es-

tablishing correlations from which the two phase pressure drop can

be predicted, a major problem is the contribution of the elevation

and acceleration pressure drops to the total pressure drop measured.

Since the fluid and vapor velocities are probably different, using

the flowing quality to obtain vapor fraction and, thus, the mean

density at any point can lead to serious errors in the determination
of the acceleration and elevation pressure drops. These errors, in

turn, affect the two-phase frictional pressure drop, which is ob-

tained from the total measured drop minus the acceleration and

elevation pressure drops.

This study was conducted to indicate the magnitude of the ac-

celeration and elevation pressure drops and the possible error in

their determination introduced by uncertainty in the fluid and

vapor velocities.

General Considerations

Selection of Model. Several mathematical models (reference 19), to

obtain a satisfactory method of predicting two-phase pressure drops, have

been proposed although none are completely satisfactory at the present
time. One of the simplest models proposed is the so-calle_ annular

flow model. In this model, the velocity and density distributions

within each phase of the two-phase mixture are assumed uniform over

the plane of a section. The manner in which the individual phases

are distributed over the cross section is immaterial as long as the

angular momentum equation is not violated. For a horizontal cross

section, this implies a radially symmetric distribution of the

individual phases. The term annular flow is derived from the fact

that the physical flow pattern that appears to approximate the

mathematical model most closely is one in which the liquid flows

in an annulus surrounding a core of vapor.
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This model, it should be noted, also approximates closely the case of

fog flow, a flow pattern in which the liquid is dispersed in small

droplets within the vapor.

The use of the annular flow model is based on the premise that

obtaining some information about two-phase pressure drop may be possible

without a detailed knowledge of the particular flow patterns, that ma,

exist in. the system. In the modified annular flow model, which is

sometimes called the quasi-annular flow model, a fraction (E) of

the liquid flow rate is assumed to be dispersed in small droplets

in the vapor flow and traveling with the vapor velocity. The re-

maining liquid flows with its own velocity (V fa) in an annular

flow pattern around the central vapor core. Annular flow, then,

is a special case of modified annular flow in which none or,in

the case of fog flow, all of the liquid is entrained in the vapor.

Figure 61 is a sketch of a typical flow pattern for the modified

annular flow model.

The present analysis will be confined to the annular flow model

almost exclusively, and, specifically, to the acceleration and

elevation pressure drops. The system to be investigated together

with the basic assumptions and conditions of the analysis are

depicted in Figure 62. Only the continuity equation and the

equation of linear momentum will be used in the analysis. The

information obtainable from the angular momentum equation and

the first and second laws of thermodynamics will be given at a

later date.

Derivation of the Expression for the Two-Phase Pressure Gradient

from Continuity and Momentum Considerations. The first step in

the analysis is to employ continuity and momentum principles to

derive an expression for the two-phase pressure gradient. The de_tai!ed

derivation is presented in Appendix E. The resultant equation for

the total pressure gradient is

(i)
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The total pressure gradient, therefore, comprises three separate

Components, i.e., the acceleration gradient

acceleration-- /_'_'------_c ¢_--_ _'_ _ " _ % z_3 (la)

the friction pressure gradient

(_) friction _-

_ +
DH (Iz) _ (lb)

and the elevation pressure gradient

Equation 1 can be simplified somewhat by introducing the

following densities:

I - ('_ -x)_ 4- x'-
(2)

I -- i

/o
(3)

I -- I-× +
(4)

Substituting equations 2 and 3 into equation 1 yields the

following equation:

(5)
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A quantity known as the slip ratio will now be introduced. Let

K = slip ratio = Vg/Vf (6)

where Vg and Vf are the average velocities of the vapor and liquid

phases, i.e.,

-- (6a)

= _ _ _ v___

The use of the assumptions and geometry conditions given in

Figure 62 together with the slip ratio as defined yields the

following relationships between slip (K), void fraction (Rg), and

flowing quality (X): (See Appendix F for detailed derivation.)

(6b)

R.F = I-R 3 (7)

X
(8)

(9)

: ( , )t (io)

(ii)
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Equations 7 through 11 show that any three of the five quantities

X, Rg, Rf, /_ //o , and K determine the remaining two.

All the preceding equations are valid for either annular or

modified annular flow. For modified annular flow, these additional

relationships may be useful: (See Appendix G for derivations).

E - _ (S) (Entrainment fraction) (12)

: _ (14)

K-E
K/_- -:

V_(4) I - S (15)

In the following analyses, only annular flow will be considered.

Note that for annular flow

_f = i (16)

/gg = 1 (17)

Using equations 7 and 9 in equations 2 through 4, the densities may

be expressed in terms of the slip in the following manner:

(See Appendix H for deviation).

JL_.- I ( /_x) + x .] K
(19)

-51-



/
(20)

Note that/_=/_'=/_, when K = i. The slip ratio is generally
assumed to be 1 in _he so-called homogeneous model.

If an expression for the slip ratio (K), in terms of known system

parameters (e.g., pressure and quality), could be determined, then

the acceleration pressure drop could be obtained directly from

equation la. The determination of such an expression constitutes

one of the central problems in the prediction of two-phase pressure

drops.

The Acceleration Pressure Drop

Minimum Value of the Acceleration Pressure Drop. As shown in

equation 5, the acceleration pressure gradient can be written

_I acceleration 144 _¢ d L

If the important case in which the fluid enters the accelerating

section (the boiler) as a saturated liquid is considered, then

the over-all acceleration pressure drop is

_
_ G _" _ I I -_I÷÷ :_c /_ T,P __

(21)

Ap 7L

(22)

(23)
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The minimum value of I_PI will occur at the minimum value of i/_

consistent with the given quality at station 2. Appendix I shows

I

a K --
(24)

"" K : (2s)

A

The minimum value of I/_O2 for a given quality can now be determined

by substituting the slip ratio given by equation 25 into equation 19.

Therefore, the minimum acceleration pressure drop for a prescribed

exit quality and a state of saturated liquid at inlet is given by

Note that, unless it is assumed that the densities of the individual

phases do not vary over the accelerating length, it will be necessary

to iterate to obtain Ap minimum from the inlet pressure or tempera-
ture.

Figure 63 shows the slip ratio for potassium given by equation 25.

In Figure 64, the dimensionless acceleration pressure drop for potassium

has been plotted for K = {/_f//o versus the temperature for various

qualities. The dimensionless acceleration pressure drop is defined

Since iteration was not used in determining the acceleration pressure

drop, the temperature which is given should be regarded the exit

temperature in the test section. The assumption of a constant liquid

/_f2 =Wfl should be recognized when using Figure 64.density, i.e.,

An Estimated Maximum Value of the Acceleration Pressure Drop. Con-

sider the case in which the fluid enters the accelerating section as

a saturated liquid and the density of the liquid phase is constant

over the accelerating length. Assuming, further, that

1) K _ 1

2) vf2 Vfl
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it can be shown that the acceleration pressure drop does not exceed

the homogeneous value, i.e., that which is calculated for a slip

ratio of one, even when K >_ 1. To do this, an acceleration factor
is defined as

: -, /.rV"_/_cl (28)

Then assumption 2 requires that a > 1. Appendix J shows that the

relationship between a and K is given by the following equation:

K = LG,_) C/-x) (29)

Equation 29 has been plotted in Figure 65 for a density ratio of
ten. It can also be written

K _ /< _ I (3o)

-x Ks x)

In this form, the relationship between K/K s and a is independent of
the particular fluid. Equation 30 is plotted in Figure 66.

As indicated in Figure 65, if K _ i and a _ 1, then _/_/_.

Thus K lies between 1 and /_//_ when a and K are assumed__::
1.0. Figure 67 shows the dimensionless momentum pressure drop as

a function of K for a density ratio of 10. The minimum dimension-

less momentum pressure drop for any quality occurs here at a K =

3.165 or the square root of the density ratio of 10. Since the

curve is double valued, the maximum acceleration pressure drop

occurs at K equal the density ratio (10.0) and also at K equal 1.0.

The value of the momentum pressure drop, therefore, is between

the values calculated for K equal to 1 (or/Jf/_) and K equal to

_/_g. The dimensionless acceleration drop forpressure

a slip ratio of 1 is shown for potassium in Figure 68. In Figure
69 the minimum and estimated maximum values of the acceleration

pressure drop are shown on the same plots as functions of quality

and temperature of potassium.

The Estimated Error in the Calculation of the Acceleration

Pressure Drop Due to the Uncertainty of the Slip. In Figure

70 the percentage error in the acceleration pressure drop caused

by the uncertainty in the slip has been plotted. Note that the
error decreases with increasing quality and for X = l, is zero.
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For a given quality, the error decreases as temperature increases and

at the critical temperature is zero. Generally, the percentage error

decreases with increasing quality and/or increasing temperature.

The Homogeneous Acceleration Pressure Drop. The homogeneous

acceleration pressure drop is defined generally as the acceleration

pressure drop for a slip ratio of one. This case has been discussed

above; however, it is quite pertinent to observe that a slip

ratio of one approximates the slip expected with a fog flow pattern

(liquid dispersed in small droplets in the vapor and moving with

the vapor velocity).

An Estimate of the Acceleration Pressure Drop. An estimation of

the acceleration pressure drop can be obtained from equation 21

with the following additional assumptions.

K/_ and /_f are constanti) g

_:_ = E,'%/,_g]'"
3) m = 1/3

In general, the acceleration pressu_ drop calculated in this

manner will fall between the maximum and minimum values which have

been estimated. References 18 and 19 suggest that, for an ideal-

ized system, K = (/o_//o) 1/3

The Elevation Pressure Drop

The Maximum and Minimum Values of the Elevation Pressure Drop.

The elevation pressure gradient has been given by equation Ic, i.e.,

elevation -- 172._

Equation 5 demonstrated that the elevation pressure drop could be

expressed in terms of the slip with the following expression:

where, from equation 19,

'-'E 1,,,s I-x) + y-,-uK (i-x
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Therefore, the elevation pressure drop can be written

elevation

The elevation pressure drop can be obtained by integrating equation

31, i.e.,

(32)

Dividing both sides of equation 32 by i//Of and re-arranging, the

maximum value of the elevation pressure drop can he obtained as

follows:

.___ ........... :_=. .-- x *K (I-×)
x+K_-×} (_/4.>j ,I k.

- 5<_ ,,xp(JT_) / L x
_/p_ K(,-×) + i

• - .... ,dL

X -i-- I
K_'_-×)

V.(_-x) +1

< i

(33)

The minimum value of the .elevation pressure drop is obtained in

a similar manner, i.e.,

-_g<_.',,_(l-_s).. :
'--- <'-'<) dL.

u (s-×) _

I7_×/K<',-x_._.I >l
L×/n(_-x;_7+ 61_

(34)
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It is worth while noting that _(_P elevatlon)/_K approaches zero

as K approaches infinity, and does not possess a local minimum with

respect to the slip as does the acceleration pressure drop.

The Effect of Slip on the Elevation Pressure Gradient. The

dimensionless elevation pressure gradient is obtained by dividing

both sides of equation 5 byPf:

(35)

Equation 35 has been plotted for potassium as a function of temper-

ature in Figures 71 and 72 for K = 1 and K = _ _f//o ,
/

respectively.

Note that the dimensionless elevation pressure gradient increases

as the slip increases. The dimensionless elevation pressure gradient

approaches one as K approaches infinity. In general,

dP

(36)

The line for a quality of one in Figures 71 and 72 is identical with

lower bounds in equation 36 while the upper bounds is equal to one.

An Estimate of the Elevation Pressure Drop. An estimate of the

elevation pressure drop can be obtained from equation 32, if the

quality dependence upon the length is known and the following assump-
tions are made:

1) /_ and_ are constant along the length

2) K °= (/egf/,_g)m
3) m = 1/3

Using assumptions 1 through 3 and the known or assumed relationship

between quality and length, the elevation pressure drop can be

estimated by carrying out the indicated integration in equation 32.

Other Quantities of Interest

Superficial Slip. The superficial slip may be regarded either

as an arbitrary correlation parameter _it has been used, for example,

in the correlation of void fraction (Rg)] or as a first estimate of
the slip. The slip might be estimated in the succeeding manner.

Underestimate the vapor velocity at the section of interest.

Since _ = X _ and _c}(_ -- _'_ "'" _ > \/_}_s) (37)
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assuming a _ 1, then Vfl _ Vf2. With this assumption, Vfl under-
estimates the liquid velocity:

Ks = Superficial Vapor Velocity
Inlet Liquid Velocity

Ks = 7_Cs) Underestimate of Vg (38)

V_, Underestimate of Vf

Ks = X _ (39)

Void Fraction. The relationship between the void fraction and the

slip ratio is given by equation 8. In Figures 73 and 74 the void
fraction for potassium has been plotted for slip ratios of 1 and the

square root of the density ratio, respectively.

Summary

1)
from

where

The two-phase acceleration pressure drop can be calculated

- -G_ I i P'_-I

and the value of /kp acc

d'Pfl Pg.

[('- x) + x Tl+ 1
is between that calculated for K = 1 and

2) The minimum and maximum acceleration pressure drop for the

case where the potassium enters the boiler as a saturated liquid

and the liquid density can be assumed constant with length is

given in Figures 64 and 68 respectively, as a function of potassium

exit temperature and quality.

3) For exit qualities greater than 25% and temperatures greater
than 1400°F, the maximum error in determining the acceleration

drop, by assuming either K = 1 or K = _/of/_/°n' is lesspressure

than 70%. Using K = _Of/ /_g will minimize this error.

4) The two-phase elevation pressure drop can be calculated
from

Do
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where

P X+K (I-× ,

5) The minimum and maximum two-phase elevation pressure drops

are

n _¢. J

(A_I)_ - -_ /_F /'s"'_f)L
_. L 17__ /
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VI. INSTRUMENTATION

W.H. Bennethum

Before meaningful data can be obtained, accurate measurements are

required for heat transfer investigations. The problems of instru-

mentation, to provide the desired information and accuracy for heat

transfer investigations with alkali metals, are increased because

of the boiling alkali metal environment. The instrumentation task

was established to ensure that this desired data and required accu-

racy are achieved. This section describes the type, design, de-

velopment, and application of the instrumentation pertinent to the

heat transfer investigations reported.

300 KW Facility

Sensor locations have remained essentially unchanged during this

quarter. The arrangement of all thermocouples located on the test

boiler, including the insert, is described in reference 2. To

accomodate limitations in the data reduction program, several minor

changes in sensor location were made.

Eight new chromel-alumel thermocouples were added to the boiler

shell in an attempt to define the magnitude of the error caused by

the Pt vs. Pt + 10% Rh lead wire mismatch. This error, a function

of temperature level in the enclosure, possibly can be determined

by these chromel-alumel thermocouples, which are not as susceptible

to lead wire mismatch. Four new thermocouples were added to the

horizontal condenser cooling air exit stream to measure the bulk

exit temperature of the air more precisely. The two thermocouples

previously used for this purpose were located several inches from

the liquid potassium pipe, one in each leg of the flow path, and

were subject to radiation error. Two new thermocouples, one

chromel-alumel and the other Pt vs. Pt + 10% Rh, were located

several feet downstream of the cooling air exit in a common 4-inch

diameter duct. Several feet further downstream, a second pair of

chromel-alumel thermocouples was installed to measure heat loss

in the exit duct. Table 4 is a complete list of all instrument-

ation locations in the 300 kw facility used for data obtained

from December 9, 1963 to January l, 1964.

By the last week of December, it was apparent that the insert

thermocouples were not functioning. The loop was operated approxi-

mately 2 days following the failure of all seven insert thermocouples

before being shut down for major repair activity. Subsequent re-

moval of the insert from the test boiler indicated that a failure

had occurred in the weld between the .500-inch OD by .049-inch wall

tube at the exit of the 1-inch diameter boiling tube (Figure 20,
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reference 3). This point was located in a region of high turbulence'

and vibratory forces probably caused the failure. Failure at this

point permitted alkali metal to enter the center body of the insert

and a major leak would have developed if the thermocouple sheaths

had not been brazed into the upper cap. To avoid a recurrence, a

replacement insert with a much stiffer upper section,fabricated

from i 1/8-inch OD by 3/4-inch ID tube,was designed. The helical

ribbon was extended to cover the entire .250-inch OD by .049-inch

wall tube and thus afford additional support over the last foot

of 1-inch boiling tube. A detailed drawing of the modified in-

sert will be included in the next progress report.

Significant emphasis was placed on achieving accurate pressure

measurements at the inlet and exit of the boiler secondary fluid

stream. Repeated over-pressurization caused by loop transient

conditions had precluded attempts to measure pressure drop across

the condensing test sections with low range, back-loaded trans-

ducers. The boiler inlet and exit pressure gages were encased

in calrod heating units and insulation, so that the transducer

temperature could be controlled over narrow temperature limits

during loop operation. In-place calibrations were performed at

two temperatures to determine the effects of temperature on the

pressure gage output curve, and the results are presented in

Figures 75 and 76. During the December data runs, both pressure

gages were operated between the temperature limits stated on the

calibration curves. To verify the curves shown in Figures 75 and

76, another partial calibration was performed December 8, 1963.

There was excellent agreement between the two calibrations.

During the December data runs, the boiler exit pressure gage

ceased to function properly for unknown causes. Following loop

shutdown, an in-place calibration was performed January 4, 1964

which verified that the boiler exit pressure gage was not function-

ing properly. It also indicated that the boiler inlet pressure

gage had undergone a substantial zero shift change. Such a

change could have been caused by operating the transducer at

elevated temperatures under high vacuum conditions or by some

malfunction in the strain gage transducer used to convert the

pressuresignal into an electrical signal.

Following removal from the loop piping system, the boiler exit

pressure gage was examined further to determine the cause of failure

more specifically. The results indicated that contamination of the

sodium-potassium filling material in the capillary tubing, connect-

ing the rear side of the diaphragm sensing head to the bourdon

spring, had occurred. This could have been caused either by a

leak in the capillary system, including the sensing head, or by

a concentration of contaminants present in the initial filling

material. This same type malfunction has been cited in four of
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the nine transducers used on the loop. Determining the precise cause
is impossible without cutting apart the transducer. The faulty units

will be returned to the manufacturer, Taylor Instrument Company, to

determine the exact cause for failure and, thereby, prevent future

interruptions in data acquisition.

i00 KW Facility

Instrumentation sensor locations are essentially those illustrated

in Figure 23, reference 8. A new instrumentation feed-through was de-

signed which will accomodate approximately twlce the temperature sens-

ing elements on the facility. Seven, twenty,one hollow pin, glass-to-

metal seal feedcthroug h flanges replace_ , at the same locations, three,

twenty-one pin feed-throughs which had been used previously. To

preclude stringing the refractory thermocouple wires over great

distances, special copper lead wire in quartz insulation was run

from the feed-through flange to a reference block inside the vacu-

um chamber. This approach was taken to eliminate the frequent

breakage in the thermocouple leads caused by excessive handling

and temperature cycling. The reference junction blocks consisted

of terminal strip made from 1/2 inch square boron nitride bar stock.

The thermocouple alloy and copper wires were twisted together and

positioned with a stainless steel screw. The entire assembly was

then insulated from loop radiation with a cylindrical shield

wrapped with several layers of dimpled foil.

TO measure,_he reference junction temperatures, three copper

constantan thermocouples were installed on each terminal strip.

The copper constantan thermocouples were referenced to an ice bath

outside the loop chamber. Preliminary tests of this configuration,

during loop operations, indicated that a temperature gradient of

15 to 20°F could be expected from one end of the terminal strip to

the other. The three thermocouple junctions on the terminal strip

will be used to determine the actual reference junction temperature

at any point on the strip.

Because of the increased reliability of the W + 3% Re wire, as

determined from its operation in the hot zone of the boiler for

the past 6 months, i.e., no failures, the W + 3% Re vs. W + 26% Re

will be used as the thermocouple alloy for the entire loop. This

material will be ins£alled during the next reporting period.

50 KW Facility

There was essentially no change in the instrumentation for the 50

kw facility during this reporting period. There was a significant
problem associated with determining the accuracy of the potassium

loop permanent magnet flowmeter. Test data indicated that a shift

in calibration of the flowmeter had occurred. Examination of the
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meter indicated that there was no reasonable cause for such a shift
since all elements of the flowmeter, including the magnetic flux
density, were unchanged. An attempt to resolve this problem by
installing a second permanentmagnet flowmeter in series with the
original was unsuccessful. The output of the second flowmeter was
extremely erratic and approximately one-fourth the expected value.

No reasonable explanation for this significant discrepancy has
been determined. There is a discontinuity in the piping system
in the area in which the flowmeters are located; it is not prob-
able, however, that this is the cause. All the anticipated causes
for such disagreement, i.e., mismatch between the pipe and electrode
materials and nonuniform flux fields, were checked and eliminated.
Presumably, therefore, the problem has been caused by somephe-
nomenon,such as a partially filled duct or somechange in the duct
configuration. Build-up of foreign material or scale would invali-
date the assumptions made in deriving the calculated flow meter
sensitivity. Whenevertesting schedule permits, the pipe section
in the region of the flowmeter will be cut out and examined in
order to arrive at an explanation of this discrepancy. In the
meantime, a calorimetric technique has been used to measure flow.
This device described in Section III, has been installed in the
loop.
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VII. MATERIALS SUPPORT

W. R. Young

300 KW Facility

A failure occurred in the test section at the bottom (inlet) bi-

metallic joint between the L-605 and the Mo-0.5 Ti alloy tubing.

The failure was attributed to bending stresses transmitted to the

Mo-0.5 Ti tube from the outer L-605 alloy pipe which bent during

service. Since the 300 kw loop design could not readily be modified

to eliminate bending of the test section, the Mo-O,5 Ti alloy tube

was replaced with an L-605 alloy tube.

Three welded L-605 alloy tubes, 1.0-inch outside diameter with a

0.039-inch wall thickness, were inspected using an ultrasonic stan-

dard with test notches equivalent to 5% and 15% of the wall thick-

ness. No indications were found on the tube designated number i,

which was used subsequently for fabrication of the new test section.

The tube designated number 2 had one circumferential defect on the

outside diameter, 43.25 inches from the index end; the tube de-

signated number 3 could not be inspected because an uneven outside

diameter at the weld seam area distorted the ultrasonic signal,

negating a reliable inspection.

The new test section was reassembled in accordance with accepted

welding procedures. The measurements of tube number 1 are given in

Table 3. The helical swirl device was positioned inside the L-605

alloy tube and seal welded at the top of the test section.

i00 KW Facility

A new Cb-lZr alloy, 3/4-inch schedule 80 pipe, test section was

fabricated, and installed in the i00 kw loop. The test section was

welded and heat-treated in accordance with General Electric speci-

fication SPPS-3B "Welding of Columbium-l% Zirconium Alloy by the

Inert Gas Tungsten Arc Process."

Installing the test section in the i00 kw loop required that a

field welding procedure for Cb-lZr, 3/4-inch schedule 80 pipe be

developed. Since the wall thickness and, therefore, the heat in-

put were greater than previous welds, a new inert gas shield was

constructed using a design similar to that employed in prior field

welding of Cb-lZr, 3/8-inch schedule 80 pipe. Several trial welds

were made which simulated the conditions of field welding; i.e.,

the pipe could not be rotated. These tests afforded the welding

parameters and techniques needed to minimize atmospheric contamina-

tion. The two field welds required for test section installation

were made without difficulty.

50 KW Facility

No work was performed on this facility during the quarterly per-

iod reported.
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TABLE 2: PROPERTIES OF L-605 AT ELEVATED TEMPERATURES

(Data from Reference 10)

Temperature

Property 1600°F 1800°F 1850°F

Ultimate Tensile Strength,

psi

Yield Strength (_i :hr),

psi

Rupture Strength (1000 hr),

psi

Thermal Conductivity,

Btu/hr-°F-ft 2

Modulus of Elasticity,

(106 psi )

Coefficient of Thermal Expansion,

(10-6 inch/inch-°F )

Potassium/Sodium Corrosion Rate,

inch/1000 hr

Oxidation Rate, ---

inch/1000 hr

Design Stress (noncritical)=Rupture Strength/2,

psi

Design Stress (critical)=Rupture Strength�3, 2,700

psi

35,000 22,700 20,000

25,000 20,500 14,000

8,400 2,800 1,900

15.0 16.0 16.0

24.9 22 a 20 a

9.0 9.41 9.5

.005 b

.003 b

4,200 1,400 950

930 630

a Extrapolated from Haynes Stellite data, reference 10.

b General Electric test data, reference !1,
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TABLE 3: MEASUREMENTS OF L-605 ALLOY TUBE FOR 300 KW TEST SECTION

(Tube No. 1; Wall Thickness, 0.039 Inch)

Outside Diameter,

Distance from inches

Top Joint, Angular Rotation
inches 0 ° 90 °

0

4

8

12

16

20

24

28

32

36

4O

44

48

52

56

6O

64

68

72

76

8O

84

88

92

96

100

104

1.000

1.002

1.002

1.002

1.001

1.002

1.002

1.002

1.002

1002

1001

1002

1002

1.001

1.002

1002

1002

1002

1001

1,000

1.002

1.002

1.001

1.002

1.001

1.002

1.001

1.004

1.002

1.002

1.002

1.002

1.003

1.002

1.002

1.001

1.001

1,002

1.002

1.003

1.002

1.001

1.000

1.001

1.002

1.002

1.001

I.O02

1.003

1.001

1.002

1.001

1.001

1.000
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TABLE 4: 300 KW FACILITY INSTRUMENTATION LOCATIONS

(December 9, 1963 Through January 1, 1964)

, I

Digital
Thermocouple Ref. 1 Rubicon Scanner

Sensor Location Code Number Temp. Switch Channel

Cats block I-IA(K)

Cats block I-IB(K)

Cats block I-2(CC)

Cats block I-3(CC)

Cats block 1-4(CC)

Cats block 2-I(CC)

Cats block 2-2A(K)

Cats block 2-2B(K)

Hor. cond. exit well

Secondary inlet well

Secondary exit well

Primary inlet well

Primary exit well

Not used

Not used

Secondary inlet well

Secondary inlet well

Secondary exit well

Secondary exit well

Primary inlet well

Primary inlet well

Primary exit well

Primary exit well

Boiler shell (new ungrounded)

Thermal pressure sensor
Thermal pressure sensor braze

Insert leak indicator

Boiler shell (bottom)

1
Boiler shell (bottom)

ICE! H5 02

ICE H6 03

ICE H7 04

ICE H8 05

ICE H9 06

ICE HIO 07

ICE Hll 08
ICE H12 09

3-112-G-S-H13 ICE H13 10

1-102-P_S-H1 ICE H1 11
1-104-Z-S-H2 ICE H2 12

1-106-W-S-H3 ICE H3 13

1-107-T-S-H4 ICE H4 14

15

16

1-102-N-S-B34 1-3 B34 17

I-I02-O-S-B35 1-3 B35 18

1-104-X-S-B37 1-3 B37 19

1-104-Y-S-B39 1-3 B39 20 _

1-106-U-S-C1 1-3 C1 21

I-I06-V-S-C2 1-3 C2 22

I-I07-R-S-C4 1-3 C4 23

1-107-S-S-C5 1-3 C5 24

1-25-1 • 5-S-C7 1-3 C7 25

1-25-5 . 5-S-C8 1-3 C8 26

1-36-1.5-S-C9 1-3 C9 27

1-36-5.5-S-C10 1-3 C10 28

1-47-1.5-S-Cll 1-3 Cll 29

1-47-5.5-S-C12 1-3 C12 30

1-58-1.5-S-C13 1-3 C13 31

1-58-5.5-S-C14 1-3 C14 32

1-3 C15 33
1-3 c16 34
1-3 C17 35

1-91-2-S-C18 1-3 C18 36

1-91-3-S-C19 1-3 C19 37

1-91-4-S-C20 1-3 C20 38

1-91-5-S-C21 1-3 C21 39

1-91-6-S-C22 1-3 C22 40

1-91_7-S-C23 1-3 C23 41

1-91-8-S-C24 i-3 C24 42

i Ice refers to ice bath at 32°F.
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TABLE 4: 300 KW FACILITY INSTRUMENTATION LOCATIONS

(December 9, 1963 Through January 1, 1964)

Sensor Location
Thermocouple Ref. Rubicon

Code Number Temp. Switch

Digital

Scanner

Channel

Boiler shell

I
Boiler _shell

1-80-I-S-C25 1-3 C25 43

1-80-2-S-C26 1-3 C26 44

1-80-3-S-C27 1-3 C27 45

1-80-4-S-C28 1-3 C28 46

1-80-5-S-C29 1-3 C29 47

1-80-6-S-C30 1-3 C30 48

1-80-7-S-C31 1-3 C31 49

1-80-8-S-C32 1-3 C32 50

1-69-I-S-C33 1-3 C33 51

1-69-2-S-C34 1-3 C34 52

1-69-3-S-C35 1-3 C35 53

1-69-4-S-C36 1-3 C36 54

1-69-5-S-C37 1-3 C37 55

1-69-6-S-C38 1-3 C38 56

1-69-7-S-C39 1-3 C39 57

1-69-8-S-C40 1-3 C40 58

1-58-I-S-- 1-3 -- 59

1-58-2-S-FI 1-4 F1 60

1-58-3-S-F2 1-4 F2 61

1-58-4-S-F3 1-4 F3 62

1-58-5-S-F4 1-4 F4 63

1-58-6-S-F5 1-4 F5 64

1-58-7-S-F6 1-4 F6 65

1-58-8-S-F7 1-4 F7 66

1-47-1-S-F8 1-4 F8 67

1-47-2-S-F9 1-4 F9 68

1-47-3-S-F10 1-4 F10 69

1-47-4-S-Fll 1-4 Fll 70

1-47-5-S-F12 1-4 F12 71

1-47-6-S-F13 1-4 F13 72

1-47-7-S-F14 1-4 F14 73

1-47-8-S-F15 1-4 F15 74
1-36-1-S-F16 1-4 F16 75
1-36-2-S-F17 1-4 F17 76

1-36-3-S-F18 1-4 FI8 77

1-36-4-S-F19 1-3 F19 78

1-36-5-S-F20 1-4 F20 79

1-36-6-S-F21 1-4 F21 80

1-36-7-S-F22 1-4 F22 81

1-36-8-S-F23 1-4 F23 82
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TABLE 4: 300 KW FACILITY INSTRUMENTATION LOCATIONS

(December 9, 1963 Through January i, 1964)

Sensor Location

Thermocouple Ref. Rubicon

Code Number Temp. Switch

7Digit_l

,Scanner

Channel

Boiler shell top

Verto cond° inlet well

Vert. cond. exit well

Primary std-sec inlet well

Cats block i-i (new cc)

Short circuit

Cats block 2-2 (new cc)

Not used

Primary flowmeter

Secondary flowmeter

Short circuit

Vertical condenser tube wall

Vertical condenser tube wall

Vertical condenser inlet well

Vertical condenser inlet well

1-25-I-S-F24 1-4

1-25-2-S-F25 1-4

1-25-3-S-GI 1-4

1-25-4-S-G2 I-4

1-25-5-S-G3 1-4

1-25-6-S-G4 1-4

1-25-7-S-G5 1-4

1-25-8-S-G6 1-4

2-109-M-S-H26 lICE

2-ii I-H-S-H25 ICE

ICE

ICE

ICE

2-I-12-S-B13 2-1

2-7-4 : 30-S-B18 2-1

2-5-7 : 30-S-B16 2-1

2-5-1 : 30-S-B17 2-1

2-I-6-S-B14 2-1

2-3-i0:30-S-B15 2-1

2-9-3-S-B19 2-1

2-9-9-S-B20 2-1

2-109-L-S-B24 2-1

2-109-M-S-BI1 2-I

Hor.cond°bulk air exit(at hood-S)

Not Used

Vertical cond. exit well

Vertical cond. exit well

Hor. cond. exit well

Hor° cond. exit well (new)

Sec. pump exit press, gage T/C

Sec. pump inlet press, gage T/C

Primary pump inlet press, gage T/C

Primary pump exit press, gage T/C

Vert. condenser inlet pressure

Vert. condenser exit pressure

Hor. condenser exit pressure

Boiler exit pressure

Primary pump exit pressure

2-111-J-S-B22

2-111-K-S-B23

3-112-G-S-B32

3-112-E-S-B33

2-1

2-1

2-1

2-1

2-1

i-i

i-I

i-i

I-i

F24

F25

G1

G2

G3

G4

G5

G6

H26

H25

G9

GI0

GII

GI2

GI3

GI4

GI5

BI3

BI8

BI6

B17

B14

BI5

B19

B20

B24

BII

B12

B21

B22

B23

B32

B33

B25

B26

B27

B28

N1

N2

N3

N4

N5

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

i00

i01

102

103

104

105

106

107

108

109

ll0

ill

i12

i13

114

115

ll6

I17

118

119

120

121

122

123

124

125
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TABLE 4: 300 KW FACILITY INSTRUMENTATION LOCATIONS

(December 9, 1963 Through January 1, 1964)

Sensor Location

Thermocouple Ref. Rubicon

Code Number Temp. Switch

Digital
Scanner

Channel

Primary pump inlet pressure

Sec. pump inlet pressure

Sec. pump exit pressure

Boiler inlet pressure

Short Circuit
Hot. cond. inlet pressure gage T/C

Vertical cond. annulus air 2-2-9-K-A2

I 2-4-3-K-A3
2-4-9-K-A4

2-6-3-K-A5

Hor. cond. bulk air exit(at hood-k)

Vert. cond. annulus air 2-8-3-K-A7

Vert. cond. annulus air 2-8-9-K-A8

Boiler shell (new ungrounded K) I 1-25-3.5-K-A9
1-25-7.5-K-A10

1-36-3.5-K-A11

1-36-7.5-K-A12

1-47-3.5-K-A13

1-47-7.5-K-A14

1- 58- 3.5-K-A15

1-58-7.5-K-A16

Hor.cond.bulk air exit(under hood-west)

Hor.cond.bulk air exit(under hood-north)

Vert. condenser bulk air in

Vert. condenser bulk air in

Vert. condenser bulk air out

Vert. condenser bulk air out

Hor. condenser bulk air in

Hor. condenser bulk air in

Hor. condenser annulus air

l
Boiler insert No. 7

Hor. condenser annulus air

2-L-6-K-AI9

2-M-6-K-A20

2-N-6-K-A21

2-D-6-K-A22

3-S-12-K-A23

3-T-6-K-A24

3-1-3-K-A25

3-1-9-K-A26

3-2-3-K-A27
3-2-9-K-A28
3-4-3-K-A29

3-4-9-K-A30
3-4-6-K-A31

3-7-3-K-A33

Vert. cond. cooling air orifice

Hor. cond. annulus air 3-8-3-K-A35

Hor. cond. annulus air 3-8-9-K-A36

Vert. cond. inlet press gage T/C

Boiler exit pressure gage T/C

N6

N7

N8

N9

i-I A1

2-2 A2

2-2 A3

2-2 A4

2-2 A5

2-2 A6

2-2 A7

2-2 A8

i-i A9

l-1 AI0

i-i All

i-I AI2

i-i AI3

i-i AI4

i-i AI5

i-i AI6

2-2 A17

2-2 AI8

2-2 A19

2-2 A20

2-2 A21

2- 2 A22

2-2 A23

2-2 A24

2-2 A25

2-2 A26

2-2 A27

2-2 A28
2-2 A29

2-2 A30
2-2 A31

1-1 A32

2-2 A33

2-2 A34

2-2 A35

2-2 A36

l-1 A37

1-1 A38

126
127

128

129

130

131

132

133
134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157
158
159

160

161

162

163

164

165

166

167

168
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TABLE4: 300 KW FACILITY INSTRUMENTATION LOCATIONS

(December 9, 1963 Through January 1, 1964)

Thermocouple Ref. Rubicon

Sensor Location Code Number Temp. Switch

Digital

Scanner

Channel

Hor. cond. cooling air orifice A 2-2 A39
Hor. cond. annulus air 3-13-9-K-B1 2-2 B1

Hor. cond. cooling air orifice B 2-2 B2
Hor. cond. annulus air 3-12-9-K-B3 2-2 B3

Vert. cond. cooling air orifice A 2-2 B4
Hor. cond. annulus air 3-13-9-K-B5 2-2 B5

3-15-3-K-B6 2-2 B63-15-9-K-B7 2-2 B7

Hor. cond. bulk air exit upper 3-U-12-K-B8 2-2 B8
Hor. cond. bulk air exit lower 3-V-6-K-B9 2-2 B9

Primary flowmeter stream temp. 1-1 E2

Primary flowmeter magnet temp. 1-1 E2

Secondary flowmeter stream temp. 1-1 E3

Secondary flowmeter magnet temp. 1-1 E4

Vert. cond. outer skin upstream temp. 1-1 E5

Vert. cond. outer skin downstream temp. 1-1 E6

Hot. cond. outer skin upstream temp. 1-1 E7

Hot. cond. outer skin downstream temp. 1-1 E8

Hor. cond. exit press, gage T/C 1-1 E9

Boiler inlet press, gage T/C 1-1 El0

Boiler insert No. 1 (lowest) 1-1 Ell

No. 2 i-i El2

No. 3 1-1 E13

No. 4 1-i E14

No. 5 1-1 E15

No. 6 1-1 E16

169

170

171
172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187
188

189

190

191

192

193

194

Code Number Description

1 = Boiler

Test Section2 = Horizontal Condenser

/ L3 = Vertical Condenser

/ Distance from reference plane

/ / Circumferential _ositi0n: Quadrant-O'clock-Degrees

// I T/C alloy: S = Pt vs. Pt + 10% Rh; K= Chrbmel-Alumel;

// I I CC = Copper Constantan

/ l-I I R_bic°n Switch p°siti°n
1 - 8 - - C25
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Figure 61. Hypothetical Liquid Vapor Distribution Over a Cross Section

A

J

A

Sect. A-A(1) Sect. A-A(2)

Legend

Vapor (Velocity, Vg)

Note :

Liquid (Velocity, Vg)

Liquid (VelocitylVf(a))

The distribution of the two phases over the cross section is

immaterial so long as the angular momentum equation is not

violated (this implies radial symmetry for the horizontal
cross sections shown).
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Figure 62. The System Under Investigation
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/
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/
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Assumptions:

i. The velocity and density of each phase are functions only of the

axial distance L_ i.e,9 they are independent of R and e.

2o The system is in steady state operation.

3. The pressure is a function only of the axial distance L_ i.e._

it is independent of R and @o

4_ The wall shear stress (T w) is a function only of L_ i.e._ it is

independent of eo

Geometry Conditions: i. Constant area duct A T = Constant

2. Af + A = A Tg
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Figure 72. Dimensionless Elevation Pressure Drop for K ==//_:_
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APPENDIX A. EVALUATIONOF THE 300 KW FACILITY
MULTITUBE BOILER CONCEPT

The multitube boiler concept, which is reviewed in Section I.A.

of this sixth quarterly report, is to provide a more advanced boiler

geometry for testing in the 300 kw facility than the present single
tube design affords. Basically, a straight and a coiled tube design

configuration are being considered. Here, the advantages and dis-

advantages of each are enumerated.

Straight Tube Boiler

Advantages

1. A straight tube annular arrangement is thermally similar to

existing 300 kw single tube boiler.

o Structural piping loads are confined to the short squat shell

section, eliminating boiler shell bending and associated

problems.

3. Inserts maybe installed or withdrawn with minimum rework;

4. The two-pass tube arrangement precludes a bellows expansion

Joint.

5. Thermal and mechanical testdata from the S00 kw single tube

are more applicable design information for this unit.

6. A two-pass secondary tube doubles the boiler tube length for

the same shell length.

7. Secondary tube inlet and exit conditions can be instrumented

readily for pressure and/or temperature.

Disadvantages

1. Leakage from the primary inlet to exit compartment, which will
effect over-all performance, iS of concern.

2. The secondary manifold requires complex longitudinal welding.

3. During fabrication and operation, the annulus spacing must be
controlled within extremely close tolerance.

4. A significant temperature difference in the secondary manifold

compartment may be a problem relative to thermal stress.
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5. Servicing and inspecting the annulus boiler tubes is more

difficult.

6. Fitting this design into the existing 300 kw facility requires

significant repiping.

7. The hairpin bend tube requires 28'-0 lengths; the availability

in seamless tube is questionable. The floating header arrange-

ment, however, requires 14'-0 lengths.

Coiled Tube Boiler

Advantages

i. Coiled boiler tubes preclude a bellows expansion joint.

2. Coiled tube geometry provides approximately 3 times the boiler

tube length for the same shell length.

3. The arrangement of the secondary and primary nozzles locations

require minimum repiping for installation into the 300 kw

facility.

4. Compared to the straight tube configuration, fewer special

forged and shaped parts are required.

5. Less welding is required because most joints are girth welds;

some noncritical joints are longitudinally welded.

6. Secondary tube inlet and exit conditions can be instrumented

readily.

Disadvantages

I. The coil tube configuration requires a longer tube length

(approximately 28'); the availability in seamless tube is

questionable.

2. A longer fabrication time is anticipated because of the coil-

ing operation required.

3. If a swirl insert is used within the coiled tube, some develop-

ment time may also be necessary.

4. With the unit mounted in a vertical position during operation,

special precautions in design must be developed to prevent coil

collapse and a tensile load on upper tube header joint.

5. Correlation between present 300 kw single straight tube boiler

data and information obtained from this coiled tube design is

not straight forward.
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APPENDIX B o 100 KW FACILITY

HEAT TRANSFER DATA

The heat transfer data obtained in the lO0 kw facility during this

quarter include liquid potassium and stable boiling runs. Because of

changes in instrumentation, the latter are reported in two groups.

Presentation of each of the three sets of data comprises three parts:

1) A schematic description of the boiler test section

thermocouple locations appropriate to the tabulated
data.

2) A list of symbols defining the column headings employed

in the specific runs.

3) The tabulated data.
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T/C Distance

Location No. Inches

Boiler Inlet

Heated Zone

Boiler Wall

/
End Heated Zone

Mixer

4 9/16

5 9/16

18 3 21/32

__ 4 3/4

21 4 13/16

6 7 7/16

7 i0 13/16

8 13 7/16

9 16 19/32

30 19 7/16

I0 22 1/4

ii 25 3/16

13 29 7/8
14 a 32 25/32

__ __ 34 3/4

15,16

a T/C 14 was moved to Z = 35

3/32 inches 10/18/63.

M ixer_

%

TC 15, 16

Radiation

Shield

Orifice

Preheate_

Flowmeter-_

\

II
II
II

7

-TCZ

Figure B-1. Schematic of I00 KW Boiling Test Section

Showing Thermocouple Locations: Effective

October 7, 1963
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TABLE I:

Column

240

241

250, 255

Z60, 270

275r330

350, 355

Symbol

Date

Time

TPH IN

TB IN

TWO 18-

TWO 14.

T MIX

36O

370-390

395

410,420

453

464

468

484

487

5O3

CND IN

CND 19-

CND 23

PUMPIN

TRADSH

QN PH

QN B

Q/A

FLOW

G

DT LOS

5O4

559-615

616

6Z0

621

623

625

627

TBO C

TWI 6-

TWI 13

TF 13

TWI- TF

HI3

NNU 13

NRE 13

NPE 13

I00 KW LIQUID POTASSIUM DATA

(Part I. List of Symbols )
' Identification

1.0143 - 10/14/63

1216 Navy time

Preheater inlet temperature, OF

Boiler inlet temperature, OF

Outside wall temperature, OF

Boiler exit temperature, OF

Condenser inlet temperature, OF

Condenser temperature, OF

EM pump inlet temperature, OF

Temperature of radiation shield, OF

Net preheater power, kw

Net boiler power, kw
Boiler heat flux, Btu/hr-ft 2

Flow rate, lb/sec

Mass velocity, lb/hr-ft 2

Temperature drop between boiler exit
and mixer, OF

Corrected boiler outlet temperature, OF

Inside wall temperature, OF

Fluid temperature at T/C 13, OF

Inside wall temperature-fluid temperature
at T/C 13, OF

Heat transfer coefficient at T/C 13,

B tu/hr -ft2 -OF

Nusselt number at T/C 13

Reynolds number at T/C 13

Peclet number at T/C 13
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TABLE l:

IO0 KW

(Part 2

240

[)ATE

LIQUIO POTASSIUM DAT

Tabulated Data)

24[ 250 255 265 270

TIME TPH IN TPH IN TB IN TB IN

] _.0143+04 1.2160+013 1.1356+03 1.1293+03 1.1325+03 1.1359+03

2 _.9143+04 1.4360+03 9.7288_02 9.6820+02 9.7110+02 9.7485+02

_.(][63+04 1.0000_03 7.9380+02 7.898[_02 7.9959_02 7.9783+02

< _.0163+04 1.5|I0*03 5.2413+02 5.2122+02 5.2848'02 5.3092+02

_5 1.0283+04 1.9350_03 1.1311+03 1.1257+03 1.2402+03 1.2637+05

_.0283+04 2.2150_0_ 9.8068+02 9.7585+02
7 1.0293+04 1.1500_02 7.9609+02 7.9219+02

1.0293+04 4.1200_02 8.6960_0_ 8.6569+02

1.0293+04 5.4700_02 7.7391+02 7.6956÷02

I0 1.0293+04 8.[000+02 6.6379+02 6.6093÷02

Ii 1.0293,04 9.5000_02 q.llJ6_02 9.0711+02
12 1.0293+04 1.7460+03 i.0511+03 1.0460+03

_:_ 1.029_+04 2.1150_0] 8.9344+02 8.8816+02

14 1.0303+0_ 5.5000_01 1.1902+02 7.1612+02
_5 _.0303+04 3.0200_02 _.1[82,02 8.1009+02

1.1327_0]
1.0424+03
9.8555÷02
9.3140+02
9.0519+02

1,1388+03

1.1790+03

1.0846t03
9.1028+02
9.4920+02

1.1356+0]

1.0459+0}

9.885]+02

9.3391+02
9.0820+02

1.1424+03
1.1842+03
1.0881+03

9.1321+02
9.52139+02

I_ _,:}303+04 1,8100,03 I.I049+03 1.1002+03 1.1527+03 1.1571.*03
17 1.0_03+04 2.0350_0_ 9,7108+02 9.6709+02 1.0389+03 1.04.28+03

i8 1.031_+04 5.3000+0l 7.8532_02 7.8239+02 8.9339_02 8.9739+02
]g l.O:_t_+04 Z. 4500+02 7.8633+02 7.8317+02 7.8746+02 7.9062+02
?0 1.0513_,04 5.2100_02 1.07_6+03 9.6493+02 9.6843+02 9.7200+02

1.1021+03

7.3778+02

1.1650+03

1.0775+03

1.2132+03

2_ 1.03]5+04 6.430D÷02 I,I044+03 1,0993+03

22 £.0_I_04 ].7_00_03 7.3515+02 7.3265+02

2_ 1.1013_04 2.1900_02 7.9721+02 7.9168+02
?_ I.I0!3+04 4.2200_02 8.9415+02 8.9005+02

25 1,101.3+04 6,1500+02 9,8742+02 9,8373+0_
/

?_, i.I(}13+04 8.1500_02 1.0498+03 1.0453+03

27 1.1063+04 1.9000+01_ I._502+03 1.1213+03
1.2473+03

1.2923+03

1,1058+03

7.3917+02
1.1685+05

1.1817+0J

1.2169+03

1.2516+03

1.296I*0i_
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100 KW LIQUID POTASSIUM DATA

275 280 285 290 295

TWO 18 TWO 21 TWO 6 TWO ? TWO 8

300

TWO ¢)

1 1.2152÷03 1_2_69+03 1o3201_03 Eo3912+03
2 1=0576÷03 1_0895_03 1o1803-_03 1.2759+03
3 8.8373+02 9o1574_02 I°0233_03 1o1496+03
4 6.1850÷02 6®5519÷02 7o9923_02 9_8286+02
5 1013130+03 Io_99÷03 Io_I09_.03 1°6792÷03

6 10_:_70+03 Io2,_36_03 1o3196+03

7 IoI_50÷03 1o1529+03 Io2467_03

8 _o0021+0_ _o0082_03 I®0199÷03

.g qo_831+02 9.5528_02 9o7134._02

I0 9°2475+02 9_3419+02 9°5780+02

11 Io1985+03 _o2_82+03 Io29_5+03

12 102540+03 1.2928+03 Io3635_03

13 1o1568+03 Io1948÷03 1.2788+03

_4 9.3051+02- 9°3905+02 9=5970÷02

15 9°6836+02 9,7_92÷02 9o896_+02

1._068+03
1,3595+03
1o031t+03
9_8896+02
9°8525+02

1,3711+03
[°4409+03

1,3762+03
9.8056+02

1,0035+03

16 1o2226÷03 1,2601_03 ]°3282÷03 103888+03
17 Io1114+03 1.1485+03 1,2333+03 lo3126+03

18. 9®_507+02 I=0012+03 1oI006_03 I=2059+03

19 8.6414_02 9®0382÷02 1.0122+03 101292+03
20 1_04,57+03 1o0845+03 1°1712+03 1.2589+03

21 lo1753+03 1,2139+03 1°28_0+03
22 7=5A03+02 7,5808#02 7°679_+Q2
23102218+03 1o2532÷03 1o3370+03
2_ Io2376_03 I_736_03 I°3_73_03

25 102769+03 I_3091_03 Io3803_03

1.3503+03

7o769_+02
_o_185+03

_o_186_03

1.4_68_03

1,4.531+03
1_3562+0_
1.2553+03

1.1337+D3

Io5322+0]

1°_457+03
1°0440+03
100061+03
1o0102+03

1°4317÷0_
1o5007+03
1o4509+03
Io001_+03

Io0189+03

Io_373+0_

1.3769+03

Io2864+03

1o2167+03

Io3244+03

I®#013+03

7.8742+02

I._864+03

I°#796+0_

1.5042+03

Io5315_03

1_45_+03

lo3702+03

I_3029+03

I_599_+03

1o5516+03
1o5_03+03
1o0550+03
1o0209+03
Io0332+03

L_992+03

1_57_8+0.3
1o5352+03

1.0t99+03
1.0321+03

1o5073+03
1_591+03
1®387_+03
1_3311÷03
I_4174+03

[o4761+03
7_98_7+02
_5675+03
lo556_+03

lo5730_03

26 1°3117+03 ].,3_25.o.0.} 1.4081_0_ 1,_670+03 1®5177+03 1o58_6._03
27 103547+03 I©3855+03 _°_59_03 _®_9_6+()3 105399+03 I°60._V_+03
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100 KWLIQUID POTASSIUMDATA

305 310 3!5

f_O 30 TWO lO TWO II

330

TWO 14

3.50

T MIX

I®5985+03 1.6706+03
2 _,,.__i417+03 1.6275+03
3 Io4873_03 1.5889+03
_, _ _6521+03 i.5769+03

5 1_6341+03 I_7003+03

6 _.o6070+03 1.0791+0._
7 | 060 _'9+03 1.6855;+03
8 Io0578+03 1.0088+03

9 I,o0266+03 1.0415+0-_
|0 1 _0469"_03 1.0662+03

II _.5435+03 1.6038.03

t2 Io621I_03 1.6983+03
13 1.5961+03 1.6739+03

14 1.0309+03 1.0474_03

15 _.0370+03 1.0506_03

16 1.562l+03 1.6310+03
17 1.5315+03 1.6080+03
18 1.4770+03 1.5617+03

19 1.4315+03 1.5287+03

20 1.4969+03 1.5772+03

21 1.5390,_,03 1.b088,_-03
22 8o13_8*02 8.2208_02
2_ 1.7053_03
_ 8_8786+02 1.o830_-0_
25 ')_6_0+02 lo6993_03

2,, 9_ 20:i,5 e-02 1,,7008_03
2 ;" 1. 7038+0

1.7088+03 1.7960+03
1.6832+03 1.783I+03
1.6661+03 1.7874.+03

1.6775+03 1.8169+03
1.7486+03 1.8303+03

1.7365+03 1.8288+03
1.7523+03 1.8565+03
1.0757+03 1.0907+03
1.0528+0] 1.0723+03

1o0866+03 1.1126+03

1.6526+03 1.7322+03

1.7427+03 1.8296+03
1.7343+03 1.8303+03
1.061.8+03 1.0861+03

1.0600+03 1.0769+03

6.3062+02 1.780[+03

1.6137+03 1.7916+03
1.5604+03 1.7751+03

1.5283+03 1.7647+03

1.5816+03 1.7673+03

1.6076+03
8.2863+02
1.7110+03

I_7635+03
8.3792+02

1.8700+03
1.8416_03
1.8483+03

l. B382_O3
1.8335+03

1.8751103

1.8820_03

• 1.9135+03
1.0987+0B

1.0838+03
1.1301+03

1.7786+03

1.8771+03

1.8851+03

1.1014+03

1.0874+03

108223+03
1.8650+03
Io8396+03

1o8395+03
1.8269+03

1.7213_03
8.5516+02
1.9347+03
1.8858+03
1.8906+03

1.8763+03
1o8755+03

1.7674_03
1.7625+03
1.7590+03

1.6868+03
1.7996+03

1.8007+03

1.8081+03

1.0666+03

1.1030+03

I.I148+03

1.699.R+03

1.7986+03
1.7959403

I. 1169+03

1.0562+03

1,7526+03

1.7671+03

1.7622+03

1.7_18+03

1.7498+03

107378+03

8.3127+02

1.8007+03

i.8023+0J

1.8126+03

1.8026+03
1.8022+03
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100 KH LIQUID POTASSIUN DATA

355 360 370

T NIX CND IN CND19

375

CND 20

385

CND 22

390

CND 23

l 1.7674_03 1.?129+03 1.¢716_03 1._626,03 1,2203+03 1.1627+03
2 1.7625+03 1o6802÷03 1.3766+03- 1,25_6+03 "1°1035÷03 1.0650+03
3 1.7590_03 1,6269+03 1.2372+03 1o10§6÷03 9°6823_02 8.9293+02
¢ 1°6868_03 1o¢230+03 9.2198+02 ¥.9492+02 6,6384_02 6.2206+02
S 1°7996.03 1o7615+03 1°4803_03 1_3717*03 1.226¢_03 1.1656+03

6 1.8007+03
7 1.808I_03
8 1°0666+03
9 1,0¢90+03

10 1o0868+03

11 1,6998+03
12 1°7984-03
13 1.7959.03
1¢-1.0639+03
15 1.0562_03

16
17

18
19

20

2[
22
23
2¢
25

26
27

1,7526,03
1,7671_03
1.7622*03
1°7618+03
1,T698+03

1.7378_03
8.3127+02
1.8097.03
1.8023+03
198126+03

1.7124+03
1°66¢3,03
1.0663+03
1.0618+03
1°0594+03

1.6136+03
1.7277+03
1.6867+03
1.0682+03
1,0506+03

1.6960+03
1.6842+03
1,6092+03
1.6108+03
1.6694+03

1.6837+03
8,3843,02_
1.6618+03
|.6901-03
1.725¢+03

1,3928_03
1,2500+03 _
9.9557+02
9.5141÷02
9.1810+02

1,3056÷03

1.3270_03
9.3658+02
9.7000_02

1,4¢35403
1.3722÷03
1,2192.03
1,2221_03 _
1.3683_03

1_6387.03 _
7.9765+02
1.2659+03
1,3290+03 _
1,6014_03

1.8026_03 1.7295+03 1,_352_03
1.8005+03 1,7389÷03 1.4763+03

1.2?29+03

9,S?Q8_02
9,0635+03
8.5t92_02

1.1887÷03
1_3157_03
1,2008_03
8.8061_02
9.2691,02

1o3386÷03
1.2535_03
t,0880-03
1.0914.03
1,2505_03

1,3358_03

1,_092_D3
1,20_0_03
1,2799+03

1.1156+03
9.5593+02
8_92¢8+02
8.3122÷02
7.5890+02

1_0364+03
1_1720_03
1.0617_03
7.9590+02
8,5700+02

1.1984+03
1.1027+03
9.3780+02
9.3995+02
1,0998+03

1.1976+03
7.3665*02
9.5141+02

1.0428+03
1,1228+03

1.1696+03

1,2227+03

1.0566+03
8,9749+02
8,6216+02
7.9856+02
7.2106+02

9.7999+02
1.1105+03
9.8203+02
?.605?+02
8.2518+02

1.1¢02+03
1.0627+03
8.815¢+02
8.83¢0+02
1.0387+03

1.1388+03
7.1708+02
8.9290+02
9.8258+02
1.0606+03

1.1078+03
1.1620+03
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lO0 KW LIQUID POTASSIUM DATA

395 410 420

PUMPIN TRADSH TRADSH

455

QN PH

464

QN B

468

Q/A

I Io0730+03 8.9292+02

2 905623+02 8.5399+02

3 8.0842+02 8.0115+02

4 5.5666+02 608725+02

5 1.0749+03 8.7627+02

9.1908+02 O.
808644+02 O.
803773+02 O.
7.4336+02 O.
8.9330+02 7o8820-0I

7.1632+00
6.4121+00
4.9455+00
2.9464+00
6.2309+00

8.8290+04

7.9033+04
6.0956+04

3.6315+04

7.6799+04

6 9°6496+02 8°4240+02 8.6780+02 7.8820-0I 5.5957+00 6.8970+04
7 8.1275+02 7.8481+02 9.3735+02 7.7560-01 3.2572+00 4.0146+04
8 8o1437+02 5.8082+02 5.8749+02 8.6560-0I 1.0462+00 1.2895+04
9 7.4851+02 5o7125+02 5.7961+02 8.2600-01 1.1405+00 1.4057+04

10 6.6671+02 5.6171+02 5°7374+02 8o5270-01 1.0779+00 1.3285+04

ll 8.9689+02 7.8465+02 8.I207+02 1.1342+00 3.9448+00 4.8622+04
I2 1.020I+03 8.6385÷02 8.904I+02 7.6240-0I 5.7122+00 7.0406÷04
13 8.9425+02 8°1587+02 8.4765÷02 8°2690-0I 4.8678÷00 5.9998+04
14 7.0955+02 5°6736+02 5.7902+02 8.9140-01 1.1693+00 1.4413+04

15 7.7656+02 5.7371+02 5.8312+02 8.6560-0I IoI40I+OO 1.4052+04

2.7580-01
2.6890-01
2.6692-01
O.
O.

O.

O.

1.4181+00

1.4181+00

1.4181+00

16 1.0539÷03 8.6884+02 8o7388÷02
17 9.5706+02 8°3945+02 8.5175+02
18 8o0102+02 7.7617+02 7o9785+02
19 800213+02 7o8510+02 8_0859+02
20 9°5344÷02 8o4219+02 8.5436+02

6.3448+00
5°9005+00
4.2619+00
5.2435+00
6.2362+00

6.7954+00
I.I160+00

3.5932+00
4.2489+00
5.0279+00

21 1.0519+03 8.6960+02 8o7661+02
22 6.8376+02 5=2885+02 5.2931+02
23 8.I021÷02 7°6328+02 7.8849+02
24 8.9588+02 7.9560+02 8.I459+02
25 9o7217+02 8_2766+02 8°4304+02

7.8202+04
7.2727+04
5.2530+04
6.4629+04
7.6864+04

8.3756+04
1.3755+04
4.4288+04
5.2370+04
6.1971+04

26 1.0186÷03 8_4150+02 8.5400+02 1.4518+00 5.5311+00 6.8174+04

27 Io07_0+03 8°4726+02 8.5888+02 1.3893+00 5.6962+00 7.0208+04
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IO0 ,KW

684

FLOM

LIQUID POTASSIUH DATA

487 503

G DT LOS

p

504

TB0 C

559

TH! 6

566

TW[ 7

1
2
3
4
5

5,4600-02
3,9886"02
2.6376-02
1.2337-02
5.3671-02

6 4.0007-02
7 2.6664,02
8 5,2523-02
9 3.9260-02

[0 2.6382_02

11

12

13

14

15

16
17
18
19
20

3,3462_02
6.6810-02

3.3297"02
3.3077"02
4.5711-02

5.3499-02
3.9923-02
2.6409"02
2.6363-02
4.0096-02

21 5.3337-02
22 5.4704-02
23 2.6484-02
24 3.3298-02
25 4.0283-02

26 4,60|2-02
27 5.3872,02

2.01_1+05 5.4329+00 1.7729+03
1,q714*05_,7.4081÷00 1.7699.03
9.7291.04 1,1173*01 1,7701÷03
4,5509÷04 _ 2.2509.0| 1.7093.03
1.9799÷05 5,6658-00 _ 1.8053÷03

1.2977÷03
1.1600+03
1.0075+03
7.8968*02
1.3915+03

1.3689.03
1.2558.03
L.1340÷03
9.7343+02
1.4599+03

1.4758.05 17.6074,00 1.8083+03 t.302I+03 1.3894+03
9.7624.04! 1.1573.0[ 1.8197*03 1.2365.03 1.3693+03
1.937§.05 2,5205÷00 :_ 1.0691+03 1,0165+03 1.0277÷03
1.4683.05 3.4235+00 1.0796+03 9.6769+02 9.8531+02
9,7320*04. 5,2975+00 _ 1.1061*03 9.5635÷02 9.8180+02

1.2344,05
1.7268,05
1.2283+05
1.2202,05
1.6863+05

1.9735÷0S
1.6727+05
9.7419+04
9.7251+04
1.479|+05

8.3882*00 _
6'4903+00
9.1069+0.0
6_1571*00
2.8375+00

5.4798+00
7.4282*00
1.1009+01
1.1024+01
7.2954400

5._317400
1.4754400
1.15¥9+01
9.1530400
7.6318400

6.6255*00
5.6529+00

1.7082+03
1.8069+03
1.8050÷03
1.0945+03
1.0570+03

1.7580+03

1.7745+03

1.7532+03
1.7528+03
1.7571+03

1.7433÷03
8.3275+02
1,8213+03
1.8115+03
1.8202+03

1.8093+03
1.8070.03

1,9675÷05
2.0180÷05
9.7699÷04
1.2283+05
1;4860+05

1,2822*03
1,3456+03
1.2636÷03

9.5595+02
9.8599+02

1.3084+03
[.2147403
1.0871+03
9.9541*02
1.1515+03

1.2627+03
7.6431+02

1.3258÷03
1,3340+03
1.36_6+03

1,3909+03
1,4282403

1,6973÷05
1,9873405

1.3588+03
1.4232+03
1.3610÷03

9.7682+02
9.9984+02

1.3690+03
1.2941.03
1.1924+03
1.1125+03
1.2393+03

t.3291+03
7.7331+02
1.4074+03
1.4054+03
1.4312+03

1.4499+03

1.4770÷03
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100 KM L|QUrDPOTASSIUM DATA

573 580 587

TW[ 8 TH[-9 TH! 30

594

TM! I0

601

TW| II

615

TWI 13

I

2

3
4
5

6
7

8
9

10

11

12

13

14

15

1,4309+03
1.3361_03
1.2398+03

!o1243+03
1.5130+03

1.4571+03
1,4356_03
1.0407+03
1.0024,03
1.0068+03

|,4195+03

1,4831_03
1,4358+03
9.9766_02
1,0152_03

16 1.#I76+03
17 : 1.3585_03
18 !.2731_03
19 1.2002_03
20 1.3049+03

2I 1.3802_03
22 7.8380_02
23 1.4753+03
24' 1.4665+03
25 1.4887+03

26 1.5006+03

27 !.5223+03

1.5094+03
1.6345,03
1.3628+03
1o2936+03
1,5807÷03

1.15343+03
1.5303+03
1.0516+03
1.0173+03
1.0298+03

1°4870÷03
1.5573÷03
1.5202+03
1.0162+03
1.028_+03

1.4877+03
1.4409+03
1,3738+03
1,3147+03
1.3980÷03

1,5765+03
1,5219+03
1,4720+03
1.4429÷03
1.6150_03

1.5899+03
1.5979+03
1,0545+03
1.0228+03
1.0435+03

1o5313÷03
1,6036+03
1.58lI_03
1.0272_03
1.0334,03

1.5426+03
1.5133+03
1,4638_03
1.4152_03 _,
1.4776+03 _

1,6485+03
1,6079+03
1.5737+03
1,5658+03
1,6813+03

1,6620÷03
1,6756+03
1.0655+03
1o0379+03
1,0628+03

1,5917+03
1,6809+03
1,6590+03
1,0437_03
1,0470+03

1.6116+03
1o5899÷03
1,5486._03
1,5125+03
1,5580÷03

1,4551_03 1°5.181_03 1.5879.03
7.9485÷02_i 8,1017+02_i 8.1847-02
1,5565÷03 [.6944+03
1°5433_03 _ 8_417_021 1,6700÷03
1.5625+03 9.0064_02_ 1.6840103

1,5716+03 _ 9,0278+021 1o6838+03
1.5873+03 1.6864÷03

1.6869+03
|.6636+03
1.6510+03
1,6685+03
1,7297+03

1.7195+03
1.7424+03
1,0724+03
1.0492+03
1.0810+03

1.6406+03
1,7253+03
1.7195+03
1,058I÷03
1.0564+03

_ 6,0960+02
1,5956+03
1.5473+03
1,5122+03

|.5622+03

1.5865+03
i 8;2502+02:

1.7001+03 _

1.7743+03
1,7636+03
1,7724+03
1,8080+03
1.8115+03

1.8119+03
1.8667+03

1.0874+03

1.0687+03

I,I091+03

1.7202+03
1.8123+03
1.8156+03
1.0824+03
1.0733+03

1.7608+03
1.7735+03
1.7621+93
1.7688+03
1.7684+03

1.7429+03
8,3431÷02
1,8592+03
1,8287+03
1,8331+03

1.8215+03
1,8163+03
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100 KW LIQUID POTASSIUM DATA

616 620 621

TF 13 TWI-TF H 13

623

NNU_13

625

NRE 13

627

NPE 13

1 1.6691+03 1.0525÷02
2 1.6404÷03 1.2316+02
3 1.6119÷03 1.6056+02
4 1.5176+03 2.9038+02
5 1.7138+03 9.7747+01

6 1.6987+03 1.1315+02

7 1.6936,03 1.5304+02

8 1.0558+03 3.1567+01

9 1.0556÷03 1.3102+01
I0 1.0737+03 3.5476+01

8.3886+02
6.4168+02

3.7964+02
1.2506.02
7.8570+02

6.0955+02

2.6232+02

4.0849+02

1.0729+03

3.7449+02

11 1.6159+03 1.0427÷02 4.66334-02
12 _.7036+03 1.0865+02 6,4798+02
13 1.6882+03 1.2731+02 4.7127+02
14 1.0648+03 1.7555+01 8.2102_02
15 1.0398+03 3.3514+01 4.1928+02

16 1.6600+03 1.0080+02
17 1.6553+03 1.1825+02
18 _.61138+03 1.4833+02
19 1,5962+03 L.5263+02
20 1.6292+03 1.1918+02

7.7582+02

6.1502+02

3.5414+02

4.2345+02

6.4495+02

21 1.6394+03 1.0349+02 8.0931+02

22 8.1743+02 1.6877+01 8.1505+02
23 1.7149+03 1,4426+02 3.0701+02

24 1.7007+03 1.2807+02 4.089I+02

25 1.7219+03 1.1122+02 5.5718+02

1.8639+00
1.4058+00
8.2018-01
2.5839-01
1.7855+00

1.374/+00

5.9009-01

6.9669-01

1.8297+00

6.4322-01

1.0095+00
1.4650+00
1.0572+00
1.4052+00
7.1063-01

1.716l+00
1.3573+00
7.6580-01
9.0794.01
1.4052+00

1.7721+00
1.2709+00
6.9809-01
9.2310-01
1.2715+00

2.6005_04

1.8742+04

1.222_+04

5.4651+03

2.60gI_04

1.9328+04
1.2754+04
1.7319+04
1.2943J-04

8.847_103

1.5544_'04
2.2662_04
1.6005+04
1.1000+04
1.4849+04

2.5371+04

1,8891+04

1.2255+04

1.2133+04

1.8741+04

2.5049+04

1.4119+04

1.2881+04

1.6100÷04

1.9649+04

8.69]6_0!

6.2306+01

4.0436+01

1.7837+01

8.805_+01

6.4951+01

4.2822+0I

6.030_+0I

4.5069+0[

3.0517+0!

5.1440÷01

7.6259+01
5.3685+01

3.8120+0i

5.2130_01

8.4656+01

6.2976+01
4.05_I+GI

4.001_+01

6.2175+01

8.3259÷01

5.7402+01

4.3487+01

5.4134+0[

6.6468÷0l

26 1.7183+03 1.0325+02 6.6027+02 1.5039+00 2.2410+04 7.5730÷0l
27 1.7237+03 9.2616+01 7.5806+02 1.7315+00 2.6296+04 8.9003+0!
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Location
|

Boiler Inlet

Heated Zone

Boiler Wall

End Heated Zone -- -- --

Pipe Wall at 14

Boiler Exit

Mixer 15,16

T/C Distance

No. Inches

4 9/16
5 9/16

18 3 21/32

4 3/4

21 4 13/16

6 7 7/16

7 i0 13/16

8 13 7/16

9 16 19/32

30 19 7/16

I0 22 1/4

11 25 3/16

12 28 3/16

13 29 7/8

34 3/4

35 3/32

M ixer_

Radiation

Shield

TC 4,

Orifice_

Preheate_

Flowmeter-_

i

it

II
i i
II

I " -TCZ

TC 15, 16

5

7

Figure B:2. Schematic of 100 KW Boiling Test Section

Showing Thermocouple Locations : Effective

October 25, 1963
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TABLE 2: 100 KW BOILING POTASSIUM DATA

(Part 1. List of Symbols)

c0ih_" ....Symbbl ................. Identifica.tion........

240

241

250,255

265,270

275-330

350, 355
360

370-390

395

41o, 42o
453

464

468

484

487

497

499

502

559-594

595
596

601

602

603

615

616

617

654

Date

Time

TPH IN

TB IN

TWO 18-

TWO 14

T MIX

CND IN

CND 19-

CND 2 3

PUMPIN

TKADSH

QN PH

QN B

Q/A

FLOW

G

X MIX

EB OUT

VELOUT

TWI 6-

TWI 10

DT 10

H10

TWI 11

DT 11

Hll

TWI 13

DT 13

H13

STBPAR

1.0283 - 10/28/63

1029 Navy time

Preheater inlet temperature,

Boiler inlet temperature, OF

Outside wall temperature, OF

0
F

Boiler exit temperature, OF

Condenser inlet temperature, OF
O

Condenser temperature, F

EM pump inlet temperature, OF

Temperature of radiation shield, OF

Net preheater power, kw

Net boiler power, kw
Boiler heat flux, Btu/hr-ft 2

Flow rate, lb/sec

Mass velocity, lb/hr-ft 2'

Quality at mixer, lb vapor/lb mixture

Enthalpy of mixture at mixer, Btu/lb

Vapor velocity at boiler exit, ft/sec

Inside wall temperature, OF

Twi - Tmix at 10, OF

_/A , Btu/hr.ft2.OF

Twi - Tmi x at l0
Inside wall temperature at 1I, OF

Twi - Tmix at 1I, OF

q/A ,Btu/hr-ftZ-°F

Twi - Tmi xat 11 o
Inside wall temperature at 13, F

Twi - Tmi x at 13, OF

c_/A ,Btu/hr-ft 2 - OF

Twi - Tmi xat 13

q/A ._,dimensionless

v HfgVin
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TABLE 2:,

I00 K_

(Part Z.'

240

CAT£

Tabulated Data) )
241 250 255

TIME TPH Ih TP_ IN

265

l

2

3

5

1.0283+04
1.0283_0_

[.0283,0_

1.0293,0_
1.0293_04

1.0 Z_O_O 3
1 o 30 ;0 _C 3

i.i310_03
•25 ),0_03 _._9B9_02

1_0679_03

9. 0227_-02
9.3_9fi_02

1.2052_'03

1.46G_._'03

_.1350÷0_

I. 16"?,5_ 03

1 • _'_65 i:,_-)3

6 1.0293+04 [. 34 ?_'.'___,_03 9.g5_7_-02 9.90374-02 1.2_56_0_ 1o 21,>_C_i_

_,o3_52_05

_.4697e03

1_2428_03
1.15Z8_03

16

_7
tO
19

20

1o18S83,0_
lo3364_03
Io_603_05

t.2357+03
1.34,50,_03

l o4470('_ !_'
9. IOOC _C;_

_.6368_03

k, LC_ 3 _04

1• L063+04

I_ I,O_ 3,)04

I. I063+04
I. 1073+04

. _3 _ _._'03
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I00 FZ, BOIL_,NC P[I_TASSIUM ....v_'_A

275 280 285 _:")0 2q5 300

TWO 18 _'WO 2_ TWO 6 'F':-JO 7 TWO 8 _'_,_E_9

2 1,478 J+03 [,5728_03 I, ;533_03 L,730L_03 L, ?_52_03 _:.;_0_03

3 1.6283t:03 1.7566;_03 1.7491 _03 I. 7483-_'03 _.7_80_05 i__,?_:6 __(,3

6 1,2000v03 I,_350+03 I,3057c_03 I, 3906+03 I, _._559_03 I, 5306_03

5 1,252L_03 _,2968_03 1,3886÷03 I._062_'03 1,5_.3+03 i, 67_:_ 0%

6 1._265_'03 _.3_39 03 1.5212_'03 l_ _ *" g. _ c,..:',03 _.?i.32._03
T !,3T55_03 [,4qg_03 1.596_+03 i. 763_03 _o?L15_03 i, f_£2+03

9 1.8112_02. _ I,_398+03 2.0115.03 I. 9'733_C_' l.!/6_6_03 _9S_,7÷03

10 Io,7286¢03 1.8163+03 1.9554_03 ?,.03 :!'9+03 l. 97B._,_-03 2.0017_03

11 I,?_9_03 I,865_+03 1.9729.03 _i_0(2_03 g.gE_:i/ C_ 2,00_ :03

16 I. 60"I'9_03 _.61_lo03 1.6606+03 }i,,633_ #0 _ _.6_0_ 1.6352_,0_

17 1.652_+03 i.7189_03 1.8187.03 _L®90q2_03 _.9047_ 0!_ I. B¢_O_,-'_-O3

18 1.746_ ¢03 [_8[[7_03 1.9118_03 _.9300÷03 I. 8_5_,:_0 :: I. 8945:_03

19 1.5066+03 t_5_19.03 1.6116_03 1. _-_&_8 _3 1./_ 23_-01_ 1. 787_+03
20 1.5731_.03 l,&586_03 1,8315+03 _,9'_62+03 I. 99'T0_03,
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100 KW BOILING POTASSIUM OATA

305 3.[0 315 320 325 3'30

TWO 30 TWO IO TWO II TWO 12 T_O 13 T_C; _.4

I 1.6998o03 I_71584.03 Io7068+03

2 I,71,69_.03 _.7811_03 1.7649_03

3 1,7152_03 I°??T4+O_ 1,7787+03
4 1.5_17_03 1.b_75+03 1.702A+03
5 1°7293_.03 _.6925÷03 t.69|9÷03

6 _,6990+03 1_71_6_03 _7I_÷03
? Io7005_03 1.7168+03 _7202+03

1o9663_03 1,9835_03
9 1o9620+03 1.9708+03

10 1.961l+03 _.._854+03

II [.96_,_._03 I°9924÷03

_2 I,601_03 1.6115÷03 1.60_'03

_3 1.0130_-03 I.b281_0_ l,6279+03
l_ io6069+03 1.6284+03 1.6275_03

l_ I.673g+03

1.5567+03
1.63_6+03
1.6_87÷03
1,4280+03
1.4764+03

I.5561_03

1.5815+03
Io75_?_03

I.7589-_03

1.76_7+03

I®7571_03

1o_898+03

1•_934 _03

_L.59B0_-05

i,70_9_03
1_7219_03

• 705? <_03

1 -70_ 3_._O_

I. 974_!,03

I°_9_2_03

Io 70C_: 03

1.67_1+03
1.67":.'7 _ 03

1.6902_0 _

1.9531_: _.

Io _)602 _0)

16 1,6_6q+03 1.5376_03 Io6D_3-_03 _..0055+0:_

19 1°8:510+03 1. 579_<_03 l ®_3573-:_3. _°_338+03
20 1.97_0÷03 _.. _7 _-_o_:_3 i. <_;_-")7+0T_
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100 KI_ BOILING POTASSZUM DATA

350 355 3,6O .370

T HIX T MIX C.ND IN CND 19

]75

CND 2O

1 1.6475+03 1.6475+03 1.6714+03 1,6672+03 1.4708+03 1.1966÷03
2 1.6478+03 1.6478+03 1,6726+03 1.6689+03 1.6637+03 1,5438+03
3 1.6490+03 1.6490+03 1.6737+03 1,b639+03 1,6619_03 1.6748÷03
4 1.6439_03 1.6439+03 1.6661÷03 1.3367÷03 1.2104÷03 1.0516÷03
§ 1.6452+03 1,6652+03 1.6680+03 1.4659+03 1.3026+03 t,1152÷03

6 t.6653+03 1.6453+03 1.6692+03 1.6593+03 1.5535+03 1.2347+03
7 t.6449+03 1,6469+03 1.6694+03 1,6600+03 1.6574+03 1.2976+03
8 1,968_+03 1.9036÷03 1.9287÷03 1.9117+03 1.9113+03 1.4249+03
9 1.9397+03 1.9007+03 1.9260÷03 1.9091+03 1.9093÷03 1.4534÷03

10 L.9670+03 1.9004+03 1.9273+03 1.9107+03 1.9102+03 1,5866÷03

11 1.9533÷03 1.9053+03 1.9295+03 1.9122+03 1.9118÷03 1.6381+03
12 1.560T+03 1.5607+03 1,5826+03 1.5726+03 1,6814+03 1.2260÷03
13 1.5636+03 1.§634+03 1,5862+03 1.5763+03 1.5752+03 1,3339+03
14 1.5602+03 1.5602+03 1.5831+03 1.5736+03 1.5729+03 1.5289+03
15 1,5742+03 1.5735+03 1.5942_03 1.5862+03 1,5818+03 1,5965+03

16 1.2595+03 1,5591+03 1.5797+03 1.5746+03 1.5672+03 1,4771+03
17 1.8029+03 1.8016+03 1.8233+03 1.8105+03 1,8078+03 1.5275+03
18 1.8045+03 1.8027+03 1.B242+03 1.8117+03 1,8098+03 1.6512+03
19 1,8011+03 1,8000+03 1,8195+03 1.b3_1+03 1.5000+03 1.3361+03
20 1.9074+03 1.9061÷03 1,9267+03 1.9122+03 1.7855+03 1.4118+03
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ZOO KW _OIL_'+G ?'O? ASS IUr_! O_TA

390 C,+5 410 420

:!:!,::n23 PU;_?'iiN TR_o_ TRAD SH

453 464

_N PH QN B

2
3

6
?

9
I0

II

12

13

L4

|6

I?

18

L9
2O

!.

l +.
1.

1.

1.

1.
1.

_; i _;::'0,' 900224*02 8,01&6+02
_+_:: __,_03 9.4,132 _+02 8. 5529"_02

_;;_'_'_:*03 L,O _ _!_T_+03 9,280;. ;+'02

,+

2',:,_! '+03 1.07&0_03 _ .078L+0!I_

t 400+0;_ i_023_+03 $,8524._02
2i57.03 1"061_r__ 9°2455÷02
_._55+03 I. 13!_.7+0_ 9.437_+02

_234+03 _,3669+03 I.O_::+L_O_03

304%÷03 1.1520 _03 l.OP_03

9.3017_-02
9. 9968+02

. O168+03
3.2214¢02
_. 7187;-02

_,4_21_02

1,0592,03

_.0739,03

1.07_7_03

9,10_5+02
9,20434.02

i.0219*C3

':_.1267 +07

!.095_+00 7. I_'Z8+O0

I. 0_29_00 1.1 <___,0.0 l
_ 1!05+00 4.37'," +O0

I,_i_ _,_+00 5.6_ _-9 O0

1.0006+00 7. 7237; O0
_oO_;,_:_b+O_ 6.1,8_+' :,O0

I. _Z3_ CO 1_, _86n_ C:I
2. ]4_ _+0 _, 1.21 ;8+,Jl

Z.3 +, _'+*0(] i.2341_+ ?i

9.4-300-01 6.77_2 _(>0
9.?_ 80-0_ T. 9301 _0+_-

O. 1.2035+'01

O, I. 0742+_ C.;=

1,, T45tJ _+O0 I. 1480_.01
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lO0 KW BOILINC

46 _ 4 84

_/A FLOW

POTASSIUM OAI"A

4eT 497

G x MtX

| _40g+04 2.9939-02 I.I064+05 |,6396-01
2 1.2_85+05 2.6896-02 9,9210+04 3.3923-01
3 1.47_9_05 2.331_-02 8.5992+04 5,_H5-01

5,397_÷04 3.3568-02 1,2383+05 2,1983-02
5 7,0069+0_ 3,3139-02 1.2225÷05 7,7794-02

6 _,5[9840_ 3.0856-02 1. t382+05 1,7831-01
? i.0090+05 3,0770-02 1,1351,_05 2,0§03-01
_!_ _.4_10+05 3.286_-0_L t.2123+05 3.0694-01
9 _.4936+05 2.3348-02 8o6130+04 5_ 252aP'01

_(_ 1.5211+05 _.8700-02 1.7_65+05 2,1178-01

i;. ;_._029 _.05 6•503_9-0_ 2.4007_-05 1.5411-01

_.2 _. 3533_,04 3, _,629-02 I,31_,3+05 I. 2736-01

13 9, 77,_2+0_ 3.3163-02 I ,2233+05 1,9382-01
_._ 9,'t0_5+04 3,119_=02 I, _50Ba'05 2,5772-01
_ _.._833+05 3.5180-02 1.2977+05 3,2060"0_

16 _,2_24+05 4,0270-02 1.4855.,05
_ _,2955+05 5,52_-02 _.0388_05
_3 _.03_04_05 6,2_70-02 2.3045+05

2_ !;o._!,150_05 3.6595-02 _o3499+05

2,0695-01
1,5638=0¢
1.6322-0_
3,8259-02
2.4893-01

499

EB CUT

5,3145_-02
6.7605+02

8.3555+02
4,1369_02
4,5997÷02

5,4291_02
5. 6489 _,_02
6.9_39_0Z
8,6843._02
6.21 40_02

5.7477_02

4.8579_0_
5.416_+0_

5.9hh3+02
6.4903+0_

5.5193_02

5.5881+02

4,5723_02
6.461#_02

5.9226_0|

1.48_4,02
9.0324+00

6. 696S _C)i
7.6907_0 i

4.906:,'_-0!
6.2I l_-O 1

5.C4_3,0.L

7.56Z0_,0_

Io05_5_0_

1.77_2vG_

I. 39_q_ 02

(._.1 ??6w OL

7,2516_0]

4, 782_R}lOI
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]00 KW BOILING POTASSIUM DATA

559 566 573

TWI 6 TWi / TW_ B

I I, 4690-_-03 1.,6_. t34.03 _,7212+03 1,6975+03 1,6779_03 I,Sq_O_O_

2 1.7232+03 I. ?000_-03 i.,695_.*03 I. 7040_-03 I. &r_6_÷O_ I. _'5El +0_

3 1.1128+0_ 1.7119÷03 t.0917+03 _. ?020_'03 1,578_;+0] I. 7<_[I(G _

4 I =2920#03 I •3767._-03 i° 4#23_03 I. 5_69+03 1.5689_.0_. 1.6341+0_

5 I, 370g+03 I,4787_03 1.563B+03 i,6575+03 1.7120_03 I. _?52'_ 03

7 1,5710+03 I, 738<:÷0 i_ ii,_27 c,_03 I, 6c)62 _03 _,67_5 ._03 [,6c;i'q_.Oi_

9 _ ,9753+03 /,95TI _0"_ I .c'253_03 I, 9505 _'_03 1.925T_:C3. I. 93&5+0_

|0 _,9_4÷03 2,00_I <_05 | ,9.<_16 _.03 I,9648 :_03 i, ;_24 _ _03 [ o 94 _"&._.03

i_ I,_Ib3÷03 [,6093#03 _,6100#03 Io6111+03 [® 5_ZS_ O_ !_,, _04-',_ _.03

16 _ ,45_2 +03 1,5_33÷03 1,5150c_ 03 L, 606_)_03

IB _,8_8&+03 I,Bg6B+O_ [,8527_03 1,8613+03

lg _,5905+0_ 1,6479+0_ i,6915_03 l, _6TI_O_

20 1,7968_03 1,95_8÷03 /,9625÷03

[.8502_03

_.9396÷03
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100 KW BOx_._T.NG POT,_SSIU,'",.DATA

595 596 66_

_F 10 H I0 _Wl 15

9o2_0'_ _:,OL I. 5_._'_2+03 L. ?,c_Z5+03 9.3_-75.,>01 I®5757_.03

_:;._9_7:;_7÷00 -5o5200_03 1.6fi90)03 ._.5006,',.01 l._t969_OB

5 j.99q_-#Ol 2 o3 "35_q_0 !_ 1.6745÷03 2_ 9_c,92_Ol 2.38_0 _-03

19 2 o 9 i_,'_',_';__0 _ 2.8309*03
20 3 o2"__LG+OI k.299_ _-05

_._989:e01

5.0362÷01

6o323_0_,

2o0035!_0_

_o6831_03
i_6918+03
_961+03

_.06822"_05

_.9390_03

i. o9533_03

_o 60.-35# 03

);.o6029_03
!.o 62 34-¢03

_,_6030_03

_08k8"I)03
108366+03
],o9_43,_03
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100 KW BOILZNG POTASSIUN DATA

6_b 6[7 654

OT 13 H 13 ST_PAR

3,5607+0l 2,4829_03 _ _.8938-01

2 _.:_996+01 2°7696+03 7.3258-01
3 _i;060+01 3.1298+03 9._7|5-01

2.;592+0l Io9563+03 2.7350-01

5 :_._Z05-_I 2o1102+03 3.5576-01

6 3.6879+01 2,5814+03 5.1466-0L

7 3.9436_0L 2_55_5+03 5.4369-01

8 2.680_+00 5._537_0_ 2.94_2-0_,
9,: _.8757_01 7.9627+03 4.28_9-C1

I0 1.3469+01 1.1293+04 2.0_0_01

11 2.3922+01 6.2825+03 1.5072-0_
12 3.6594+0L 2o2827+03 5.3058-01
13 _.O030÷OL 2.441t+03 6.5323-0i
1_ 4_2709+01 2.27_,5+03 5.70LL-01
15 4.956_+01 2,99_8÷03 ;_._743-0L

16 4._675+01 2.8905_03 7._67_-01
17 4.2247+01 3.0666+03 2o_179-C_
18 4.5131+01 3.014_+03 2.0212-01

19 3.6097_01 2.3360+03 1.3607-01
20 3.7533.01 3.7700+03 2_7750-01
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Location
I

Boiler Inlet

i

Heated ..gone .....

Boiler Wall

,/c
No,

4

5

18

21

6

7

8

9

30

11

12

13
10

Distance

Inches
i'_J"

9/16

9/16

3 21/32

4 3/4

4 13/16

7 7/16

10 13/16

13 7/16

16 19/32

19 7/16

25 3/16

28 3/16

29 7/8

31 7/8

End Heated Zone--------_----- 34 3/4

Pipe Wall at ! 14 35 3/32
Boller Exit
Mixer 15,16

++t

Mixer---...._ _'--

I ........ I I

R-.,,.,o.m-. (z:m

ltadiation

Shield _ -- --

I 11

I 4Z 1/4

N 3O
,rl
I)

---Z -

TC 4, 5

TC 15, 16

Figure B.3+ Schematic of 100 ]_ Boili_ Test Section.

. Showing Thermocouple LoCati0ndz Effective
November 14, 1963
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TABLE 3: I00 KW BOILING POTASSIUM DATA

(Part I. List of Symbols)

.... C0'lumn .L Symbol ...... Identification

240

241

250,255

265,270

275-330

350, 355

360

370-390

395

410, 420

453

464

468

484

487

497

499

502

559-601

602

603

608

609

610

615

616

617

654

Date

Time

TPH IN

TB IN

TWO 18-

TWO 14

T MIX

CND IN

CND 19-

CND 23

PUMPlN

TRADSH

QN PH

QN B

Q/A

FLOW

G

X MIX

EB OUT

VELOUT

TWI 6-

TWI II

DT II

HI1

TWI lZ

DT 12

H12

TWI 13

DT 13

HI3

STBPAR

1.1183 - 11/18/63

1127 Navy time

Preheater inlet temperatuore, OF

Boiler inlet temperature, F

,Outside wall temperature, OF

Boiler exit temperature, OF

Condenser inlet temperature, OF

Condenser temperature, OF

EM pump inlet temperature, OF

Temperature of radiation shield, OF

Net preheater power, kw

Net boiler power, kw
Boiler heat flux, Btu/hr-ft 2

Flow rate, lb/sec

Mass velocity, lb/hr-ft 2

Quality at mixer, lbs vapor/lbs mixture

Enthalpy of mixture at mixer, Btu/lb

Vapor velocity at boiler exit, ft/sec

Inside wall temperature, OF

Twi - Tmi x at 11, OF

cl/A , Btu/hr.ftZ_OF

Twi - Tmi xat 11
Inside wall temperature at 12, OF

Twi - Tmix at lZ, OF

q/A . , Btu/hr.ft2.oF

Twi - Tmi x at 12

Inside wall temperature at 13, OF

Twi - Trnix at 13, OF

q/A , Btu/hr-ftZ-°F

Twi " Trnix at 13

q/A , dimensionless

vHfgVin
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TABLE 3:

(Part 2. Tabulated Data)

_ __ __,_ E_,,_

265

i

LS ;_o t_2_3,0_ • _.0250+03 _o_4.20_02 9_0_._3_._02 I,_._f7+05 _.o._'_-%3_-03
1 _ i. ;L293:_'0k _ ,, 0"_'0_ 03 9o L _._0,,02 9o03_,_02 1._32_03 }.,, _387_-03

21 _. _L29:_-0# _.3290t03 8o02L3<,OZ _o _-_573 _OZ L.5880_03 ]l,_5956_-03
22 I. ,t2 %_ _'Ot_ _ o 504,0_-_3 _o0733_03 _ _06 £_.__-03 1_ 3900_03 1° 396$_-03
;_3 _.. 1293+0_, _.o 5220_'03 L o0774;_ 0 :_ Io0710_03 1L° 395,1_03 L o _.027_-03
:,,)_ i..3023_-0_, 1..2360_'03 .8.9_38,_02 _.8708_02 io 327_.0_ _o3345_-03

2_ _. _023_-0& ].°25S0_3 O°9|31,H32 @o _95_0Z' _® 3Z5_,_03 .1o.3324+03

Zl _. ZO23.rO_ 1o_030_33 8.1602_02 8,, 3_)6 _'OZ lo__62_0] 1o50L1._03
28 J,. 2023+0_. 1.5_30.03 l =182T_-03 _ ,, :'_.,'?__ _'0 :_ jr.o395 i.÷O ], 1 o _0_,,0_'03
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100 KW BO[L_N(_ POTAS_!UM DATA

_75 280 285

T_O 18 rW_i 21 _WO 6

290

TWO T

295

TWO 8

300

IWO 9

1 1.3_94+03
2 1.5588+0_

s 1.63a8+o_

6 _o6286_3

8 _..6 _0_01_
9 i._70+03

10 !.7235'_03

11 _.7343e0_

13 i._a_2_0314 .6'_58_0_

15 i.6_5,o3

16 1.5787+03

IT _.69_3+03
18 _.$79_+03
L9 _.57_3÷03

20 _.774_,,.03

21 _.7719_03

2_ 1.5090_03
25 io5092_,03

2s 1.72s_,o_
27 !__120.03
28 1._15;!+0_
29 i.515_+03

9._2#9÷02
I_6558+33
1.E5_9+03

i.755#+33

1.,7526+03
1.,753_:3
1 • 7 _,0+03

1.B932,0.3
1._561t33
1.5210"03
1.5356,33
1.7_23e33

=1.7515"0]
1.7091+33
1.6958+33

1.9320+_3
1,60Tl+03
1.6115_33
I._71#'03

1.6703+_3

1.9132+33
1.900_*0]

l.b128_03
1,6137+03

1.50F7+03

1.9689+03
1.97#T_03

1.9758_0_
1.97C_,:_03

2.01_03

2.1687_03

1,5277+0 3
1.797_03

1._._01,03

L.9267_0 _,
_,232_03

2,2_97_-03
1 o773_,_03

I. 96#4¢03
1. g6ZO_-_ 3

2._648_-03

i.7_60+03

1.6258+03
2.0057+03
2.013_,03

2.1255_03

2.1553.03
2.1552+03
_.203_03
2.2020+03

Zo1973*0_
_.9893+_3

1.11_1+03
1,,83_-03

_.. 8_'_T7 +0.3

2.1500_03
2. _,_03
Z.1_77_03

2.18_0._ 03

1.9220+03

Z.2257+03

2 .;,281 _ ,o0 3
2.2:_12_03

._..H775_03

L.7265+0_
2.1172_03
2.t172+03
2.0905_03
2.0890*03

2. 1367+03
2o _38_ _0_

2.11 _]19_ 03
2. 182_+0_
2. l_lO+03

1_7795+0;

1.7691+03

1_7933.03
1 • _902_03
2. _2_ _03

2,0_66+03
_.0_!1_03
2._8_2_03
2._71+03

2._77_0_

[.970_÷0_
1.9723_03

1.8193Q03
2.0823+03
2.0_10+ :_3
2.0_;5_+03
2.0'? '_'_'7+ 03

2. _ 3F0_03

2, 1929_; 03
2. 1931_'03
2.19_" 03

2,195#_,03

1.7630'03
i.7617+03

i. ??l 7:_03

:Z, 1 _02+03

2.1866+03

2.1_91+03
2.17_,0+03
2. 160,_i,+ 03

2.28_8+03
2.2t_,_ +03

2,2863+03
2_ 28_I 7+03
2,1llt+O_

2.1150+03
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100 KW BOILi_ING PGCAS$,I_H DATA

_0_ 310 315

TWO 30 T;_i] !D _WO _

320

T_O 12

1 _.75_0+03

_o0299+03 2_D363+33

; 2._6g_03 ?_04o8,_33

16

17
I 8

20

8 _.03_F.'_ 03 _ _32)¢.3 _
_._563_03 ._',_,ll '_°_ " °'9

li PoOSa3+03

12 _. 1_:2?' li03

15 L.7530+0 a.

22
2]
2_
25

IA

¢

I _:"t,'_? f_.+03

_.'. 7697 t, 33
2_ 1361 ¢-0.3
20 |.356_03

2o t. 389"_'_} 3
2 o _366+03
2 _ _ 356+0
_i, 2268_03
2 o 2_Z¢)+,_3

2. _,_56+D 3
Z o _26"$'+03

2,2_55_-03

loT_lO+03
2,0373+03
2,037_03
2.0q86_0_
_o0516+03

200_5e003

Lo768_:+03
2_1527¢03
2.156_03

2_150T_03

2G_535_0]
2.L633_'03
2 • 16_)+03

2.2_I3+03

Z_2365¢03
2Q2382+03
2.2606_0_
Z.266Le03

1.7361_03
2.0392+03
200376+03
2.0535+03

2,0560_03

2.0907:_03
2.0908 _'03
2.I6_._+03
20 i638_03
2. _,385+_3

2. 1623+03
2,t308n03
_07',27+03

1o 7ze3_ +03

1,7653_03
2. i¢.88 _03
2,1_,8Z+03

7560+03
2.0598*03
2o059_03

_o074.2,03

_,166g+O,_
2._668_03
2.L72_¢03

_.7572_03
io_568_0_
1.7589+03

_.7@23_03
l.7897+03
2._700_0_
Z_1686_03
2°1_32_03

2.1756+0_
2,1TST*03

2.2616_03
2.25_g_0_

1

2.26_g+03

2,26_8+03
Z.2758_03
2°27_?_03

_.o7602+03
2o0#29+0B

2o0_ _ __6 "0_
2o0572+03
2o056_*03

2. I036_-03

2,, _5_i3 :, 03
20 L508+03

O0_',O_
2®_351_0_
_5_03
_432.+0_
_oT650+03

1.7677+0_

2.1559+03
2. Z550+03
2o1625¢_03

2°_623_03
2.1605+03
2.1615_03
2.2695+03
2o2_T2_03

2o5668_.03

2o5952+03
205806+03
2_5788+0_
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100 KW BOILING POTASSIUM OAIA

350 355 360

T MIX T MIX CND IN:

375

CN020

385

CND 22

I
2

5

6
7
8
9

I0

I1
12
13
14
15

16
17
18
19
20

21
22
23
26
25

26
27
28
29

1o7058+03
_o0087÷03
_.0085+03

_01S9+03
2o0154+03

2.0592+o3
2.060_+0_

_._056_03
2.1.050+03
_. 1037+03
(

_. 10_0+-03
Z.0795+03

i.7312+03

!.730_+o3
_.7329+03

i.7512+03

!,7510+03

_:11_8+03ll_e_03

_.1163+03

_.1169+03

2.1136+03

2,1142+0_
2,202§+03
2.2009+03

2.2037+03
2.2092+03
2.2024+03
2.2012+03

1.7037+03
2o006#+03
2.0062+03
2.0136_03
2.0130._03

2.056T4_03
2.058_+33
2.103L_03
2.102T+33
2.1012.3:3

2. 1023+03
2.0975+03
1.7296#0 3

1.7790+03
1.7309_'03

1.7693+03

1,7692+03

2.LI19+03

2.1121.93

2.1137+03

2,II#6.0.3

2.112_33
2.1115+03

2.1997+03

2,1982+03

2.zo11+o3
2.2003+03
2.1992+03
2.1983+03

1.7233+03
2.02_5+03
2,02¢2+03
2.0319.u. 03
2.0312+03

2.07_ ; 03
2.0761;_03
2. 1205_03
2.1200_03
2.1182+03

1.6888+03

1o6931e03
1.6928_03
2.005¢+03
Io9919+03

1.8875*03
I_8962+03

1.9083_03
108980+03
2.1032+03

2,l_9_+03 2. !0¢3_'03
2_I25+03 1.57_+03
1.7_55+03 l.lf>IT+O_

1,7449+03 1,167B+03
1.7_71+03 1.2285_03

1,765_+o3 z.aa*8+o3
1.7650+03 1.2772+03
2.1275+03 1.7D82_03
2o1275+03 1,6759+03

• 2.1288_03 1.8068+03

2. [296+03 ] .7809+03
2,L266÷03 1.7263+03
2°L251,-03 1oT207+03
2.2132+03 1°7L08+03
2°2_16+03 1.702_+03

2._1_2,03 i,7572+03
2.2136+03 Jt.®76_7_03
2.2106+.03 1.7_T8+03
2.2095+03 1.7667÷03

I._616+03
_._137_03
i._L38+03
1.5435+03

1.5406+03

1.5072+03
1.5067+03

1.52_8+03
1.5112+03

1.7391+03

1.7667+03
1.3562+03
9.9135+02
9.9086+02
1,0_99+03

1.0819+03
1.0536+03
l°_146+03
1.3956÷03
1.3579+03

1_.353_+03
1.5016+03

1,5011+03
I •4035+03

I ° 3974+03

1.3555+03

1.3518+03

1.5603+03
1.559_+03

1.2048+03
1.l_8+03
1.L706+03
1.2357+03
L.2360+03

1.2246_03
1.2258+03
1.2383403
1.23fi1+03
1.3233+03

1_32_5+03
l_l_7t03
8.3204+02
8.299_+02
8.7269+02

8.9576+02

8.7006+02

1.16_7+03

1,1568+03

1.0966_03

1,0922+03

1.280_+03
1.2801+03
1.159_+03
1.15_0_03

1.10_3+03
Io1053+03

1.3563+03
1.3557+03
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100 KUl IBOILING. POTASSIUM DATA

390 395 ¢10 ¢20

CND 23 PUMP[ N TRADSH TRAOSH

1
2
3
4
5

6
7
8
9

10

12
L3

16
17
18
19
20

21
22
23

25

26
27
28
29

I •1212_03

1.1¢_28+03

_. 1,_,65+03
_. 2_61,03

T,,79sl+OZ
T_ 7519"_ 02

_o 3382_-0Z
Io1327_02
.0832_-03
.0863+03

..0162+03

'. 01_6_03

•,1.976+03
.1977÷03

|.0787÷03
_,0761_03

 ,.o3o7+o 

i0273*03,2757+03

o 2755+03

1.0039+03

9o61_6+02

9.9877_02

_.9_S2÷02

_.962_,02

I.OC_T_03

1.0050_33

1.0481_33

1.0_89_0_

8o931_e02

9_3495*02
9.2_23_02
9.510_02
9+_910_02
8.7162_02

1,0772_0.3

8.7730_02
9.q358_02
9._650+02

9_998_+02

1.0005+03

1.0069+03
1.0068_03
1.0261_03

l.OZbt_03
_60835_03

1.0063+03

9_5_54.02
7 _2963'_02
7 ° 2789+02

lT,_736+02

7 _8283_.02

7.8T30_02
9.9283+02

9 •866T+02

1.012_+03

t.o 2o+o 
9.9013e02

9.9129'1"02

1.0226_03

1.0207+03

1 _0374_-03
1,0108+03

I .0095+03

9.05Z5_02
9.728_÷02
9.75_02

1.022_0_

1.0225_03

1.0290+03
1.0_00+03
1.0S02+03
1.0_0_
1o099_0_

!.100_03

T_6_2_02

7.5_20_02

7o_9962*0_

1.0206_03

1,0311+0_

1,.031_÷03
1,0330_03
1,03_2_03-
1.061_03

1,0698_03

I_06_03 '

1.0715_03
1.0711+03

1.3_14+00
2.210_+00

2.2180+00

2o1791_00

2.1721_00

2._1C9÷00
2o2l_0_03

I._090_,00

2_G8_5_00
2,CTIO+O0

1.8_8__00
l_g&_O0

Lo8_96_00
1.8166_00

:Io871_00

1°6_8_00

1.6326+00

T. 6303_'00

Lo0272_ 0__
LoO1Z2_ 0},

1.05_I

Io0__

7._707_00
208001+00
2._L_3+00
"_ 7_00

_._0_00

9oI_09+00

9o_077_00
9oT304_00
9_71_'00

_o0_52_01

_._00

l.O14Z_Ol

1,0519_01
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tO0 KW 80|LIN_; POTASSIUM DATA

468 k84 487 497 499

Q/A FLO_ G X MIX EB OU_

t
2
3
4
5

6
7
8
9

to

If,

L2
13

15

L6
L7
18
19
2O

21
22
23
2_
25

9.#0_7_04

1.0577,05

1,0459_05
!.266I+0_

1.2_75÷05

|.25#7+05
_.30_3_05

.598#+05

_._512+04
3._680,+04

 :5o31+o4t74 .+0 
1.,tz9 +-o5
l.t_7_05

_.2Oeg+OS
L.199_05
!._972_05
t,_0_9_05
_.2883+05

26 b.9533+0_
27 t.2500_05

28 _.o3399-t.05
29 1.305t+05

3o5_Tl-02
2.6931-02
2._535-D2
2o_60-_2
2o_170=02

2.?T5_-02

2.6002-02

2,b308"02
2,8779-02
_.o6610-02
1,82Z8-02
1.8476=02

IoT69_-02
_4513-02

_.4969-02

_.?llZ.02
_.9!_0-02
_.091_-02
2.227_-_2

1.6¥TT_O_
1.6270"02
_.99_2-0Z

4,99Tb-02

Io2974+05

9.93q7+0_
1.015_+05
9o900_04
I00023÷05

1.0233_05
1.0136_05
Io02_+05

1.0150_05

9.5917_0_

_,70_8+04
1.0_6_05

: _,1274.0_
6.7206_04

6.8155._04

: b,52bl+O_
5. 353_.04
9.0135.0_
9.2107_0_

5_2938+0_

b02916+0_

1_4_28+05

- Io_3B_05

7.7150+04
8o217_0_

6.1888+04

6.0019+06
1.8¢23+05
1_8436_05

1.3526-01
2.2150-01
2.0813-01
3.0160-01
2.9046=0t

2.6981-01
2.T_#b=Ol
2.8299-01
2.T925-01
_.3973-01

_.24_6-01

8o_655-02

6.0257-02
9.980_-0Z

2.1210-01

2.T338-01

_.7552-01

5,1069-01
1,0077_0_
_.0Z67-0_
3.7753-01
3.2_3-01

1.8905-0_
5,3995=0t
_.820_=02
_.1251-02

5.1812*02
6._272_02
6_217+02
7.0703_0_
6.gSlI+OZ

6.8989+02

6.9_91.02
_.0_7_02

0.3020+02

5o_72T+ 02

5o8_88_02
700292+02
6o7752+02

8_07_8+02
5_68BT_02
5o703_02
7.9943+02
T._832-0_

b.550_+02

9.Z415+02

5._II0_02

_.663_+01

2.390b+01

2.2976+01

3.1_92+01

3.11!O+Ol

2.6472_01
2_6958+01

_o_300_01
3.6275_0l

3,5_50_01

1,2996_'01
io_720"0_

9.9#37_00
i.&599_'01

2.00#5+01

2. 6075+01
2.0673+01

I. 8588_-01

2. 5018+01

2.b812+01

Io2210+01

1.2650+01

2.0039+01

1.0397_01

8_0_88_00
2,2267_01
b. I138+00

5o2_74_00
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100 KW BOILING I POTASSIUM DATA

559

6
7
8
9

lO

TWI 6

1 1._822e03
2 _.8186._03
3 !.8226+03

_.9381+0_

5 }.9_#e03

_.9_55+03

.9461+03

.9829+03

.9818_03
2.130_+03

ll i.1428+0312 ,81_9÷03
13 !.616s+o3
t_ 1.6191_03
15 _.7892_03

16 i.7529+03
17 1. 8691+:03

18 1:9167,0319 8992+,o3
20 7.2053+03

i

21 2.2008+03
22 _.?#60+03
23 _.7688+03
26 i;9327_03
25 1o9307+03

26 2.2680+03
27 2.2219+03
28 1,7229+03
29 1.7239+03

566 573

TWI 7 TgI 8 _

1,6026+03
1.9811_03
1.9880.03
2.0872+03
2.0955+03

2.1256_03
2.1251_03
2o1718+03
2.1713_33
2.[593+03

_.1600o'03
[.9654e03
1.7076_03
1.7095+03
1°8276+03

1.8367+03
1.7756+03

2.1217+03
2°0993+03
2.1601+03

2.1591+03
1.8935+03
1.8928+03
2.1977+03
2.1969+03

2.2651e03
2.2514e03
1.8463+03
1.8456e03

1.7032+03
2.0917_03
2.0920_03
2.0599,03
2.0589_03

2.1047_ 03
2.1079+03
2,1506+03
2.1514+03
2,1126_'03

2 • 1203+03
2_,0732+03
l .7710+03
1.7760+03
1.7608+03

1.7823+03
1. 7791+03
2.1662+03
2,1656+03
2.1516+03

2,1527+03
1.9976+03
1.992I+03
2_,2581+03
2 °2566+03

2.2609+03
2,2686.03
1.9380+03
1,9_06+03

580

Tg! 9

1.7962_03
2.0567+03
2.0557+03
2.0650+03
2.0666÷03

2.1081_03
2.1098_03
2.1617+03
2.1624_03
2.15_*03

2.1575+03
2.1693+03
1.7603+03
1.7596_03
1.7596_03

1.7807+03
1._788÷03
2,1621+03
2.1665+03
2,1591+03

2,1602_03
2.1622+03
2;1317+03
2.2567+03
2.2534+03

2;2677+03
2,2519+03
2.0788+03
2.0835+03

587

T_ 30

1.7308+03
2,0092+03
2.00e5+03
2.0262_03
2.0139+03

1'9894_03
1.9926+03
2.0063+03
2.0253+03
2.016_03

2.0202_03
2,0995_03
1.7456+03
1.74#5+03
1.764T_03

601

T_I II

1.7178e03
2.0117+03
2.0117_G3
2.0180_03
2.0215_03

_0622_03
2.0_5_03
2.1_X1_03

2.13_2_03

2.t367_03
2_1108_03
1o7350_03
1o¥337_03
1.7367_03

1_,7581_03
1°7573_03
2° 126'_+ 03
2. 1270+03
2o1231_03

2®1266_03
2o1345+03
2.1356_03
2.2105t03
2.2106_03

2.2199¢03
2.2083+03
2.228#÷03
2.2329+03

?
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100 KW BOILING POTASSIUM DATA

602 603 608 609 610 615

DT LL H IL TWI L2 DT 12 H 12 TWI 13

1 1.3078+01

2 _.l_BO+O0
3 6.3719+00

4  :18 0+005 2431+00

6 4.2508+00
7 6.2494+00
8 _.7410+00
9 1.4858+01

I0 3.1714801

11 3,1042'01
12 1.2238+01
13 4,6856+00

14 _.8_61+00
15 4.7531_00

16 7.7896+oo
17 7,2067+00
18 |.I089+01

19 _,3_99+01

20 8.1672_00

21 8,6698+00
22  .16 6+o1
23 2.2720,0|
24 g.3861÷00
25 1.0981+01

26 i.7477+01

27 6.5662+00
28 2.7620_-01
29 3.3190_01

7.1912+03 1.7129+03 8,1613+00 1.1524+04 1.7329_03
2o5498_04 2.0136+03 6.0520+00 1.7477+04 2.0342_03
2.3923_04 2.0123+03 4o9513+00 2.1124+04 2.034l+03
3.9763+04 2°0229÷03 8.0900÷00 1.5650+04 2.0_59+03
1.7224_04 2.0238+03 9.5713+00 1.3034+04 2.044i_0_

2.9284,e04 2.0607+03
2.0077_04 2.0605,03
1.9349_04:2.1104+03
8.6256_03 2.1i30+03
5.0399_.D3 2.1001+03

5.0Pg_t03
7,9267e03
7.3656,03
9.0190_03
7.1152_03

5.7597_03
6,2486_03
1.0590+04
8.3648+03
_.4049_04

1,3943+04
5,5407+03

5.2695+03
1.3913+_4
1.1732+04

3.9784_03
1.9037+04
4.8513+03

3.9323+03

2,104_+03
2.1075÷03
1.7342+03
1_7333+03
1.7355+03

1_7547+03
1.7542÷03

12.1206+03
2.1211+03

2.7479+00 _ 4.5301+04
1,1562+00 1.0852+05

6.0645+00 2.1507+0_
9.1926+00 1.39_1_04

-2,4245*00-6.5925_04

7.0386-01
8.9563+00
3,9127+00
3.4167+00
3.5507+00

4_3683+00
4.1275+00
7.2002+00
7.5812+00

2.2447+05
1.0832e0_
8.8207_0)
1.0153,04
9.5246+0_

1.0271_04
1.0910-0_
1.6310+04
1.4894_04

2°0872+03
2.0885+03
2.1340 _ 03
2.1361+03
2. 1339+03

2.1369+03
2.1255_03
l. 748T_ 03
1. 7483+03
1.7506-,' 03

1.7712+03
1.7707_03
2.1413_03
2.1415+03
2.1457+03

2.145_+03

2,1466+03

2.1470+03
2.2302+05
2.2292+03

2.25_;_3+03
2.2390_03
2.2_,38+03
2.2436_.03
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616 _:,1 ? 654

1 ?.812_,0!

6 2. 928T_ Ol

7 2.9122+01
8 3.0_41_+01

9 i_.2220_01
I0 ,_. _,45 _ Ol

_! 3,3250:0_
12 2. TO0 __ n_,

14 L._4_7+01
15 ][.8666#01

_6 ?.0957_0Z

18 2,846Z_01
_9 2./9g0_0[
20 3.0_I0+01

22 3.3702#01
23 _.409_01
24 2.90g0,01

_.70 OL

26 4.9890,01[
27 3. 7300_01

28 4. _03<-,+01
29 4 _ _,fi9 _ _ 0 ii,

3.3442e03

'_. 0 _ 7':_:_03

4.2504_33
_.3084+33
4.2_45+33

5.0_07_D3

.8_05_ 33
1.8118_03

4.126!_03

_.0340+33

3.7364+33

_.0939+03
3.5586+33
3.5113_33

4.4889.33
4.356_33

[. 3q37_,33
3.3512.33

_.1135+03

B.bl _8_Ot

2.]L019-01

2.550_-0i

2.1928-01

2.2239-01

2.0596-01

2.0444-01
2.6tL63_01

2.6134-01
.5073_01

Z. !.,08 %'_'_,)1

2.1273-01

2.83) _=O I

3.4037_01
Z.OS72=O_

I .9651-D1
2.8386_0i

Z.9884-01

1.3435-0l
1.3391-01
2.2904-01

2.1288-01

i. 4720=01
2.7379-01

q_.T3F 1-02

193



APPENDIX C. 50 KW FACILITY

HEAT TRANSFER DATA

In this quarter, 128 data runs were completed. The tabulated

data from the eighteen condensing runs and the liquid runs are

given here. Presentation of the data comprises the follvwing:

A. Liquid and Condensing Data Reduction Procedure

S: Liquid Liquid Data

Part i) List of Symbols defining the Column

headings employed in the Condensing

runs

Part 2) Tabulated Liquid Liquid data

C, Condensing Data

Part i) A list of Symbols defining the Column

headings employed in the Condensing

runs

Part 2) The tabulated Condensing runs data
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A. 50 KW Liquid and Condensing Data Reduction Procedure

Reduction of the raw data for the llquld-llquid runs followed the

following pattern.

Fluid and Wall Temperatures:

1. Each testsection thermocouple reading was converted from
mlllivolts to °F.

o The inlet and outlet potassium and sodiumtemperatures were

then determined by averagingthe thermocouples at each

respective station. There are three thermocouplesmeasuring

the sodium inlet temperature and three thermocouples measuring

the sodium outlet temperature. The potassium inlet and

outlet temperatures are measured by two thermocouples at

each position.

Liquid Data Reduction

Liquid Flow Rate

The standard equation for calculation of the flow rate of a
conducting fluid from the emf generated by an electromagnetic is

from reference 20.

60 x 105 DtPt'

3.96 BCIC2C3

(i)

where C1

02

C3 :Z

End effect correction = 0.989 (Refe_ehce 20)

Correction for flux and dimension change

with temperature .(Reference 20)
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The critical dimensions and flux ratings of the two magnetic flowmeters

are:

Flowmeter Fluid Room Temperature Constants

D1, in Do, in B, gauss

1 K 0.618 0.841 1989

2 Na 0.610 0.843 2019

The resultant flow-emf relation as a function of temperature is

given in Figure C-1. The correction factor C3 was left as a para-
meter in Figure C-1 since it depends on the magnet temperature. Its

value for this set of experiments was .99<_<1.0 (reference)20% The
potassium flowrate calculated from the flow=emf curve of Figure C-1

was found to give a flow that was 14.5% too low and was subsequently

adjusted (see Calorimetric Flowmeter). The sodium flow-emf curve

is considered approximately correct since the standard deviation of
the test section heat balance results was +6.7% with a mean of 0.3%.

Both magnets were checked for flux density at the end of the exper-

iment and showed less than 3% change.

Test Section Heat Load_ Q, " "

The test section heat load was calculated from the potassium heat

balance.

qc = qK = WKCpK_i (TK, in' - TK, out )

'This is undoubtedly the most accurate method of determining the

heat load since the potassium flowrate is known within +3% and the

potassium temperature difference is at least 30°F for/g[1 liquid

datla tabs. A test section;heat;balance wasLcarr_ed:out to compare

the results O.f thiscalculat:ion to that Of" the sum of the.s0dium

heat gain and the te:St:se_tion heat lossby:equation :(2), " .

(2)

% Error = qK : (qL i qNai
.... --,- - .......... (I00)

qK

This relation gave a standard error of +6.7% with an average
error of 0.3% when the relative sodium the_mocouple corrections

were made.

Overall Heat Transfer Coefficient, Uir Btu/hr ft 2 OF

From the log mean temperature difference, OF, which is cal-

culated from equation (4)

(3)
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ATIm (TK-TNa)in - (TK-TNa) out

in

(TK-TNa) in

(TK-TNA) out

(4)

and the test section head load, qc, the overall heat transfer
coefficient based on the tube:: inside area was calculated by

equation (5)

U i = qc/(ATlm) (Ai) (5)

Local Potassium and Sodium Temperatures

Assuming that the controlling resistance to heat transfer in the
test section is the thick walled nickel tube for the range of liquid

Peclet numbers covered, (im. that the overall coefficient Ui is not a

function of length, but is a constant) at any point along the test

section, equation (5) holds:

q = UiAi(TK - TNa ) (6)

A heat balance to the axial point z gives

q = WKCpK(TK,in - TK, _ = (7)

WNaCpNaz(TNa,z - TNa,i n)

Letting _ = WKC_K/WNaCpN a (8)

J

from (7) ) _ (TK_ n - TE_z) + TNa,i n = TNa _ (9)

From equations (6) and (9) one obtains

q = UiAi ET_,z -/(TK,in:CTK,z)-TNa,::J )

For a differential length, equation (11) can be obtained
(n)

From Equation (7)

_z = -..WK CpK dTK (12)dz
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Equating the right hand: side of Equations (11) and (12) gives

Integration of Equation (13) yields the following expression for TK

t-T-_'7-: 1_ u'''- / /" /_ Ji

From equation (7) TNa,zCan be calculated using the above relation

for TK;.,

Local Heat Flux

From equation 6, the local heat flux based on the inside area of

the tube can be calculated:

q/A i = U i (TK - TNa)_

Inner and Outer Wall Tube Temperatures

(15)

The radial heat flow in the tube wall is governed by Fourier's
law of conduction:

q/z = - 217_d_

Integration of equation (16) from the inner wall gives

_a_
T = T i - 2yzk w In R/_ i

(16)

(17)

The integration assumes that _I_(T) which is a reasonable as-
sumption for the small wall temperature drops encountered during
the liquid data runs. Choosing the form of equation (17), the

measured radial temperature profile is fit by a least squares

process in the following manner:

i. Let T = A(_ + B_ln R/R i (18)

_-- -i )22. Minimize _ (A_ -I- B_ In _/i{i - TwN (19)

3. Since the local heat flow is known, the value of Bl is set

in equation (19) and

B/ " q

2'ITZ kW

(20)
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4, The value of (A[) required to minimize equation (19) is now
calculated by differentiating equation (19) with respect

to _I) and equating it to zero which yields

_/ _-- _ (21)

/z_/ =

I I
I

N
The value of (_/) is the desired" inner wall temperature T,..w1 as

can be seen by comparing equations (17) and (18). The outer wall

temperature is then calculated from the relation obtained by in-

tegrating equation (16) over the tube wall and

Liquid Heat Transfer Coefficient and Nusselt Number

(22)

(23)

(24)

From the local heat flux q/Ai, the potassium fluid temperature,

and the inner wall temperature, the local liquid heat transfer co-

efficient can be calculated from equation (25)

The potassium Nusselt number can be calculated from equation (26)

N_ = _ _ D_ (26)

For these calculations, the potassium thermal conductivity was
evaluated at the bulk stream potassium temperature. In the same

manner, the sodium side heat transfer coefficient and Nusselt
number were calculated from equations (27) and (28) respectively.

/VN./v_ - _'_ -_ (28)

Sodium and Potassium Peclet Numbers

The sodium and potassium Peclet numbers are defined by equations

(29) and (30) respectively.
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4 W dp

iVF k = K

(29)

(30)

Condensing Data Reduction

Potassium Flow Rate

For the condensing runs reported in this quarterly, the potassium

flowrate was calculated by a test section heat balance. This pro-

cedure was necessary since the line heaters were maintained at low

power to minimize the chance of plugging in the return line from

the condenser to the boiler due to excessive subcooling_ _The line

heater has subsequently been routed away.from the c_iDrimeter so:'that

in future testing, if line heat is required, it will not affect the

calorimeter heat input. Normally the calorimeter measurement will

be taken as a primary flow standard since the error analysis of

Appendix A indicates a standard error of less than 3%.

The test section heat balance gives:

qK -- qN_ " ql (I)

Neglecting subcooling in the condensed film and velocity effects,

qK is given by

(2)I,
qK = WK Xin "._g_

or from equation (i) and (2)

qNa i-qL = '_iK Xin_Hfg,Z (3)

Assuming that X N 1.0" the potassium flowrate can be obtained

from equation (3) as in

UI, ( = qNr. + qL

l_g,_

Local Nickel Inner Wall Tube Temperature and Heat Flux

(4)

A least squares procedure was used to fit the temperature profile

in the tube wall to the theoretical Fourier conduction relation of

equation (5)

* The assumption of 100% inlet quality will not be necessary when

the potassium flowrate is determined from the calorimeter measure-

ments. 201



The following relations were obtained:

/

N
I "(_ /

t'where A = _ _ _
I

,. /'/'A/J' • _"

" I
I

The local inner wall heat flux is given by equation (9).

(6)

(7)

(8)

q/A i --_q/2_rZkw_ _kw/Ri]

Local Potassium Temperature

(9)

The local potassium temperature was calculated by linear inter-

polation between measured inlet and outlet potassium bulk fluid temperatures,

Condensing Heat Transfer Coefficient

The condensing coefficient was calculated from equation (I0)

Nusselts Condensing Ratio h - q/Ai

c TK - Twi (I0)

Nusselts condensing ratio is defined by equation (ii)

All properties were evaluated:at the potassium vapor temperature.

Condensing Pressure Drop

The potassium pressure drop was calculated by subtracting the

outlet from the inlet pressure which corresponded to the respective measured

saturation temperatures.
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Sodium Heat Gain

The sodium heat gain was calculated from Equation 12.

qNa. - WNa CpNa (TNa', Out -, TNa, in)
(12)

where CPN a was evaluated at the average sodium temperature.from reference 20.

Film Reynolds Number

The local potassium liquid flowrate was calculated from a sodium

heat balance Up to the local station and the total calculated potas-

sium flowrate. The local sodium temperature was calculated from

the standard countercurrent heat exchanger equations similar to

those used for the liquid reduction. The film Reynolds number is

defined by Equation (13).

4- F' dl k
(13)
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TABLE h LIQUID-LIQUID RUNS CORRECTED K FLOW

(Part i. List of Symbols)

Column

251-306

311
313

316

319

325

330
332

334

345
354

359

361

363

364

366

369

370

379

381

385

387

388

389

398

4OO

Symbol

TCN

TKO

TKI

TNA O

TNAI

WK

WNA

TKM

TNAM

DTLM

TKI

TK2

TNA 1

TNA 2

QK

UI

Q/An

Q/AIZ

NRENA

NREK i

NPRNA

NPRK 1

NPENA l

NPEK i

NRENA 2

NREK 2

Identification

Temperature of thermocouple N, OF

Outlet potassium temperature, OF

Inlet potassium temperature, OF

Outlet sodium temperature, OF

Inlet sodium temperature, OF

Potassium flowrate, ib/hr

Sodium flow rate, Ib/hr

A verage potassium temperature, OF

Average sodium temperature, OF

Log mean T, OF

Local potassium temperature at

first axial station, OF

Local potassium temperature at
second axial station, OF

Local sodium temperature at
fi rst axial station, oF

Local sodium temperature at second

axial station, °F

Heat transferred from potassium in

test section, Btu/hr

Over-all heat transfer coefficient

based on inside area, Btu/hr ft 2 oF

Local heat flux based on inside area

at first axial station, Btu/hr-ft 2

Local heat flux based on inside area

at second axial station, Btu/hr-ft 2

Sodium Reynolds number at first

axial location, dimensionless

Potassium Reynolds number at

first axial location, dimensionless

Sodium Prandtl number at first

axial station, dimensionless

Potassium Prandtl number at first

axial station, dimensionless

Sodium Peclet number at first

axial station, dimensionless

Potassium Peclet number at first

axial station, dimensionless

Sodium Reynolds number at second

axial location, dimensionless

Potassium Reynolds number at second

axial location, dimensionless
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TABLE h

Column

405

406

408

418

4ZZ

44Z

443

444

445

446

449

448

453

455

464

465

466

467

LIQUID-LIQUID RUNS CORRECTED K FLOW

(Part l. List of Symbols)

Symbol Identification

DTW 1

DTW Z

QNA

QL

DQ PCT

TWI 1

TWO 1

DTW-W 1

DTW-N 1

HK 1

HNA 1

QIAO 1

NUK 1

NUNA 1

TWI Z

TWO Z

DTK-WZ

DTW-N Z

Wall temperature drop at first axial

station, oF

Wall temperature drop at second axial

st ation, OF

Heat gained by sodium in test
section, Btu/hr

Heat loss from test section, Btu/hr

QK -(QL + QNA)/QK, error in heat

balance, %

Inside wall temperature at first
axial station, °F

Outside wall temperature at first

axial station, OF

Local temperature difference from

potassium to inside wall at first

axial station, OF

Local temperature difference from
outside wall to sodium atfirst axial

st ation, oF

Potassium heat transfer coefficient

at first axial station, Btu/hr - ft z - OF

Sodium heat transfer coefficient at

first axial station, Btu/hr - ftZ --OF

Outer wall heat flux at first axial

station, Btu/hr - ftZ

Potassium Nusselt number at first

axial station, climensionless

Sodium Nusselt number at first

axial station, dimensionless

Local temperature difference from

potassium to inside wall at second
axial station, OF

Local temperature difference from
outside wall to sodium at second

axial station, OF

Local temperature difference from

potassium to inside wall at second

axial station, oF

Local temperature difference from

outside wall to sodium at second

axial station, oF

206



0 @ • @ 0 @ @ • @ @ @ @ @ II @ • @

TABLE I: LIQUID-LIQUID RUNS CORRECTED K FLOW

(Part i. List of Symbols)

Column Symbol Identification

468 HK 2

469 Q/AO 2

470 HNA 2

472 NUK 2

474 NUNA 2

487 HKOMIN

490 NUKMIN

703 NPRNA 2

705 NPRK 2

706 NPENA 2

707 NPEK 2

Potassium heat transfer coefficient

at second axial station, Btu/hr-ft 2 - °F

Outer wall heat flux at second

axial station, Btu/hr-ft 2

Sodium heat transfer coefficient at

second axial station, Btu/hr-ft 2 - °F

Potassium Nusselt number at second

axial station, dimensionless

Sodium Nusselt number at second

axial station, dimensionless

Minimum potassium average heat transfer

coefficient neglecting sodium resistance,

Btu/hr-ft2-°F

Minimum potassium average Nusselt number

based on HKOMIN

Sodium Prandtl number at second axial

location, dimensionless

Potassium Prandtl number at second axial

location, dimensionless

Sodium Peclet number at second axial

location, dimensionless

Potassium Peclet number at second axial

location, dimensionless
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TABLE i

LIQUII)-LI,_UID RUNS C_RR_!CIED K I::LI]W

(Part Z. Tabulated Data}

800 801 251 254

DATE TIME TC[ TC2

I 1.0033+04 1.2100+03 7.3124+02 7.3158+02
2 1.00"33+04 1.2100_03 7.3120'02 7.3145+02

3 1.0033+06 1.2100+03 7.3115÷02 7.3150+02

4 l .0033+0q 1,,2250q J3 7o2:)53+02 ?. 2974"_-02

5 1.0033+04 Io2250+03 7.2949*02 7.2974*02

6 1.0033_0q !.2250+03 7.2960_02 7.2966+02

7 1.0033+04 !.3100+03 ?.1825+02 7oI_50+02

8 1.0033+04 1.3100+03 7.1816+02 7.18q2,02

9 1.0033+04 1.3100+03 7.1799+02 7.1825_02

I0 1.0033+04 1.3400+03 701017+02 7. 1034+02

II 1.0333+04 1.3400+03 7.1009+02 7. I03_+02

12 1.0033+04 1.3400+03 7°0996÷-02 7. 1026+02

13 1.0033.+04 1.4500+03 7.11.54+02 ?.I171+02

14 1.0033+04 1.6500+03 7o1137+02 7.1179+02

15 1.0033+04 1.4500+03 7o1132+02 7. I17S+02

16 1.0033+04 1.5050+03 7.1013+02 7.1043+02

17 1.0033+04 1.5050+03 7.1009_02 7.104B_02

18 1.0033+06" I_5050+03 7_I021+02 7. i051_02
/

19 I. 0033+Cf4 1.5200+03 7.0'148402 7.0769_02
ZO I. 0033+_:4 1.5200+03 7.07':_2 ._O? 7.0774+02

2I 1.003_3+04 1.5200+03 7.07564-02 7.0774+02

22 1.0033+06 1.5400+03 7.0610+02 7.0427+02

23 1.0033+04 1.5600+03 7.0402+02 7.0419+02

26 1.0033+06 1.5600+03 7.0402+02 7o0615+02

25 1.0033+04 1o6000"J0 3 7°0085+02 7.0098+02

26 1.,j033+04 1. 6000 _,0¢ 7o00t_5+02 t.0103*02

27 1.0033+0_ 1.6000,_3 7,_00/3+02 7.00,", 3 _02

28 ].003_+04 [.6190+b _ 6_")z, 87_02 (.). 9496+02

30 1.0033+0 z-, 1..5190+03 6°9496+02 G. 9500_02

257

[C_

7°6835+02
7.6818,02

7.6818,02

?06646402

7.6606+02

7.6539402

7,5576_02

7.5564+02

7.5597+02

7.5004,02

7o5013+02

7°5025+02

T.6893+02

7o4915+02

7o_919+02

7°5025+02

7.505i_02

7o5021_02

7_5191_02

7o51/_+02

7_5182+02

7°5398+02

7. 5398÷02

7. 5403+02

7.5559*02

7,555 _ 02

7.55YI_02

7. !-,q64 _ 02.

7.5_(,_ 02

7o 5_]39_02

260

IC4

7.6881+02

7.6896+02

7.6860+02

7. 659'9_ 02

7. 6657+02

7.66 74-_ 02

7.5631+62
7.5631+02

7.5648+02

7.50 ?2 _ 02

7.50 "'__ 02

7.50_; 'i _ d2

7.4'_49+ 02

7.4969+02

7. 4953+02

7. 5055¢ 02

7o 50_,9+ 02

7° 506,J* 02

7.52 S!_ O2

7o5237_-u2

7.525S+02

7.54.66*02

7.5458+02

7.5470+02

7.5614+02

t.5610+02

7o56_!,_02

7.5890,02

7.5894+02

7.SF_b+02
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LIQUID-LIQUID RUNS CORRECIED K FLOW

800 801 25L 25

DATE TIME TCI TC2

31 1.0033+04 1.7050+03 7.0449+02 7.0462+02

32 1.0033+04 1.7050+03 7.0470+02 7.0479+02
33 1.0033+04 1.7050+03 7.0453÷02 7.0470+02

4 257

TC3

7.5903+02

7.5890+02

7.5919+02

260
1C4

7.5936+02
7.5945+02
7.5949+02

36 1.0033+06 1.7270+03 7.0919+02 7.0919+02 7.59284.02 7.5975+02
35 1.0033+06 1.7270÷03 7.0915+02 7.0969+02 7.5903+02 7.5945+02
36 1.0033+04 1.7270+03 7.0927+02 7.0960+02 7.5877+02 7.5932+02

37 1.0033+06 1.7500+03 7.1419+02 7.1636+02 7.5775+02 7.5805+02

38 1.0033+06 1.7500+03 7.1660+02 7.1657+02 7.5766+02 7.5792+02
39 1.0033+06 1.7500+03 7.1466+02 7.1440+02 7.5756+02 7.5805+02

60 1.0033+06 1.8300+03 7.2171+02 7.2188+02 7.5966+02 7.6008+02

41 1.0033+06 1.8300+03 7.2188+02 7.2192+02 7.5975+02 7.6030+02
42 1.0033+04 1.8300+03 7.2192+02 7.2179+02 7.6000+02 7.6047+02

63 1.0033+04 1.9300+03 7.3265+02 7.3286+02 7.6797+02 7.6835+02
44 1.0033+06 1.9300+03 7.3282+02 7.3312+02 7.6805+02 7.6839+02

45 1.G033+04 1.9300+03 7.3278+02 7.3299+02 7.6809+02 7.6856+02

66 1.0033+06 2.0250+03 7.6526+02 7.6536+02 7.7767+02 7.7809+02
47 1.0033+04 2.0250+03 7.4513+02 7.6526+02 7.7767+02 7.7814+02

68 1.0033+06 2.0250+03 7.6513+02 7.6538+02 7.7756+02 7.7814+02

49 1.0033+04 2.1100+03 7.5161+02 7.5174+02 7.8305+02 7.8356+02
50 1.0033404 2.1100+03 7.5153+02 7.5176+02 7.8309+02 7.8347+02
51 1.0033+04 2.1100+03 7.5165+02 7.5191+02 7.8316+02 7.8356+02

52 1.0033+04 2.2100+03 7.6161+02 7.6186+02 7. 914P_+02 7.920_+02
53 1.0033+06 2.2100+03 7.6169+02 7.6195+02 7.9165+02 7.9237+02

56 1.0033+04 2.2100+03 7.6176+02 7.6199+02 7.9165+02 7.9237402

55 1.0033+06 2.3650+03 7.7195+02 7.7212+02 8.0107+02 8.0162+02
56 1.0033+06 2.3650+03 7.7195+02 7.7220+02 8.0085+02 8.0158+02

57 1.0033+04 2.3650+03 7.7195+02 7.7220+02 8.0090+02 8.0158+02

58 1.0043+06 6.0600+02 7.8626+02 7.8465+02 8.2632+02 8.2692+02
59 1.0063+06 6.0400+02 7.8428+02 7.8449+02 8.2628+02 8.2697+02
60 1.0063+06 6.0600+02 7.8403+02 7.8632+02 8.2615+02 8.2671+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

8O0

DATE

6I I_0043+04

62 Io0043+04

6B I.004B+04

801 251 254

TIME TCI TC2

6°3500+02 7°8225+02 7°8263+02

603500+02 7°8225+02 7=8246+02

6°3500+02 7°8225+02 7°8233+02

25

TC3

802530+02
8°2530÷02

802534+02

7 260

TC4

8o2611+02

8.2603+02

8.2607+02

64 1o0043+04 7_3000+02 7_7669+02 7.7674+02 8o2214+02 8.2286+02

65 1o0043÷04 7°3000+02 707669+02 7°7708+02 802209+02 8.2286+02

66 1.0043+04 7_3000+02 7.7674+02 7.7691+02 802222+02 8®2291÷02

67 Io0043+04 9°0500+02 706326+02 7.6369+02 801389+02 8.1470÷02

68 1.0043+04 900500+02 7o6318+02 7°6356+02 8o1368+02 8o1449+02

69 1.0043+04 9_0500+02 7'06314+02 7°6326+02 8.1368+02 8.1427+02

70 I_0043+04 1.2350+03 703410+02 7.3436+02 7°8784+02 7°8822+02

71 1.0043+04 io2350+03 7.3427+02 7.3453+02 7°8763+02 7.8852+02

72 100043+04 io2350_03 7_3423+02 7°3432+02 708797+02 7°8847+02

73 Io0043+04 1o4100+03 7°2355+02 7°2363+02 7o7818+02 7.7877+02

74 1o0043+04 I_4100+03 7°2363+02 7o2368+02 707792+02 7.7873+02

75 1.0043+04 1.4100+03 7°2350+02 7°2368+02 7°7784+02 7°7869+02

76 Io0043+04 104400+03 7°2637+02 7.2679+02 7o7419+02 7°7458+02

77 Io0043+04 i_4400+03 702662+02 7°2679+02 7°7390+02 7e7466+02

78 1.0043+04 Io4400+03 702662+02 7°2675+02 7°7394+02 7.7470+02

79 1.0043+04 I_5150+03 703162+02 7_3179+02 7°7564+02 7.7636+02

80 1o0043+04 1©5150+03 703158+02 703197+02 7°7568+02 7_7640+02

81 1o0063+04 I_5150+03 703167+02 7.3188+02 7_7597+02 7_7644+02

82 1.0045+04 106100+05 704231+02 7.4239+02 7.8453+02 708555+02

83 1o004]+04 1o6100+03 704201+02 7.4235+02 708466+02 7_8551+02

84 1o0045+04 1.6100+03 7_4209+02 7.4265+02 7.8508+02 7.8555+02

85 1.0043+04 1o7550+03 7°3440+02 7°3453+02 7°7983+02 7°8068+02

86 1.0048+04 Io7550+03 7_3432+02 7_3466+02 7'o8017+02 7,8059+02

87 Io0043+04 1.7550+03 7_3436+02 7.3466+02 7.8000+02 7.8047+02

88 1.0043+04 1_8350+0B 703346+02 7°3363+02 7_8538+02 7.8627+02

89 1o0043+04 1.8350+03 7°3350÷02 _o3368+02 7°8538+02 7.8610+02

90 1.0043+<]4 lo8350+03 7o3355+02 7°3376+02 7.8547+02 7.8606+02
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L|QUID-L|QUID RUNS CORRECTED K FLOg'

91

92

93

94

95
96

97

98

99

I00

I01

102

I03

I04

105

106

107

108

109

II0

8OO
DATE

1.0043+04
1.0043+04
1.0043+04

1.0033+04
1.0033+04
1.0033+04

1.0033+041

1.0033+04

1.0033+04

1.0033+04
1.0033+04

1.0033+04

1.0033+04
i 1.0033+04

1,i0033+0#

1.0033+04
1.0033+04
1.0033+04

1.0033+04

1.0033+04

801 251 254
TIME TCI TC2

1.9550+03 7.3825+02 7.3846+02

1.9550+03 7.3825+02 7.3846+02

1.9550+03 7.3825+02 7.3859+02

257
TC3

7.9936+02

7.9941+02

7.9962+02

260
TC4

8.0021+02
8.0026+02
8.0000+02

5.0000+01 7.8458+02 7.8432+02 8.3312+02 8.3355+02
5.0000+01 7.8475+02 7.8462+02 8.3329+02 8.3342+02
5.0000+01 7.8470+02 7.8449+02 8.3325+02 8.3355+02

2.4100+02 7.9521+02 7.9504+02
3.2000+02 8.0145+02 8.0141+02
5.0200+02 8.1094+02 8.1081+02

5.0200+0,2
5.0200+02
5.4400+02

5.4400+02

5.4400+02
7.3500+02

8. 1098+02
8.1107+02
8 • 1573+02

8.1573+02
8.1573+02
8.2607+02

8. 2624+02
8.2611+02
8.3513+02

8.3513+02

8.3526+02

8.1098e02
8.1094÷02
8.1556+02

8.1560+02
8.1560+02
8.2594+02

8.2603+02
8.2598+02
8.3538+02

8.3534+02
8.3547+02

7.3500+02
7.3500+02
9.3000+02

8.4026+02
8.4043+02
8.4615+02

8.4624+02

8.4607+02

8.#714+02

8.4726+02

8.4731+02

8.5525+02

8.5529+02
8.5555+02
8.6223+02

8.6239+02
8.6231+02

9.3000+02

9.3000+02

8.#111+02

8.4103+02

8.4684+02

8.4671+02
8.4658+02
8.4778+02

8.4799t02
8.4791+02
8.5588+02

8.5618+02
8.5622+02
8.6290+02

8.6303+02
8.6286+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

263 266 269 273

TC5 TC6 TC7 TC8

1 7.1701÷02 7.1526+02 7.1654+02 7.0987+02

2 7.1726+02 7.1521+02 701641+02 7.1021+02
3 7.1709+02 7.1530+02 7.1662+02 7.1017+02

4 7.1650÷02 7.1436+02 7.1573+02 7.0966+02

7.1624+02 7.1449+02 7.1573+02 7.0949+02

7.1645+02 7.1436+02 7.1547+02 7.0944+02

7 7.0628+02 7.0449÷02 7,0560+02 6.9961+02
8 7.0624+02 7.0436+02 7.0543+02 6.9957+02
9 7,0607+02 7.0402+02 7.0543÷02 6.9970÷02

10 6.9914÷02 6.9733+02 6_9841+02 6.9263+02
11 6.9901+02 6.9707+02 6,9832+02 6.9267+02
12 6.9892÷02 6.9690+02 6.9832+02 6.9267+02

13
14

15

16
17

18

19

20

21

7.0286+02 7.0111+02 7.0218+02 6.9776+02
7.0278+02 7.0094+02 700222+02 6.9802+02
7,0274+02 7.0085+02 7.0222+02 6.9802+02

7*0205+02 7.0043+02 7.0158+02 6.9711+02
7.0222+02 7.0030+02 7.0162+02 6.9733+02
7.0231+02 7.0051+02 7.0154+02 6.9711+02

T

7.0056+02 6.9853+02 6.9966+02 6.9556+02

7.0051+02 6.9871+02 6.9966+02 6.9530+02

7,0051+02 6.9862+02 6.9961+02 6.9534+02

22 6.9832+02 6.9647+02 6.9737+02 6.9310+02
23 6.9823+02 6.9638+02 6.9733+02 6.9302+02
24 6.9832+02 6.9642+02 6.9733+02 6.9306÷02

25

26

27

6.9586+02 6.9405+02 6°9500+02 6.9082+02
6.9582+02 6.9405+02 6.9509+02 6.9086+02

6.9582+02 6.9388+02 6.9487+02 6.9108+02

28 6.9129+02 6.8948+02 6.9060+02 6.8672+02
29 6.9125+02 6.8944+02 6.9065+02 6.8677+02
30 6.9138+02 6.8957+02 6.9060+02 6o8659+02

276
TC9

7.0799+02
7.0829+02
7.0799+02

7.0769+02
7.0748+02
7.0774+02

6.9780+02
6.9789+02
6.9759+02

6.9086+02

6.9082+02
6.9052+02

6.9608+02
6.9595+02
6.9595+02

6.9543+02
6.9552+02
6.9543+02

6.9405+02
6.9384+02
6.9397+02

6,9177+02
6.9164+02
6.9168+02

6.8927+02
6.8909+02

6.8931+02

6.8470+02

6.8466+02

6.8461+02

279
TCIO

7.1291+02

7.1410+02

7.1303+02

7.1333+02
7.1231+02

7.1299+02

7.0222+02
7.0231+02
7.0303+02

6.9530+02

6.9573+02

6.9582+02

6.9966+02
7.0009+02
7.0013+02

6.9905+02
6.9974+02
6.9892+02

6.9772+02
6.9707+02
6.9750+02

6.9496+02

6.9474+02

6.9487÷02

6.9004+02

6.8944+02

6.8909+02

6.8789+02

6.8802+02

6.8754+02

212



LIQUID-LIQUID RUNS CORRECTEO K FLOg

31
32
33

34
35
36

37
38
39

40
4t
42

43
44
45

46
47
48

49

50
51

52
53
54

55
56
57

58
59
60

.

7,
7.

o

7.
7.

.

7.
7.

0

7,
7.

0

70
7.

.

7.
7.

.

7.
7.

7_

7.
7.

.

7.
7.

.

7.
7.

263 266
TC5 TC6

0051+02 6.9871+02
0056+02 6.9897+02
0060÷021 6.9871_02

0432+02
0419+02
0436+02

0825+02
0825+02
0842÷02

1436+02
1444+02

1457+02

2487+02
2483+02
249I÷02

3658+02
3654+02
3658+02

4192+02
4/84+02
4192+02

5144+02

5153+02

516l+02

6153÷02
6161+02

6169+02

6763+02
6763+02
6754+02

7.0235÷02
7.0261+02
7.0269+02

7.0641+02
7,0671÷02
7.0662+02

7.1274+02
7.1274+02
7.1278+02

7.2303+02
7.2333+02
7.2321+02

7.3479+02
7.3474+02
7.3483+02

7.4000+02
7.402l+02
7.4030+02

7.4970+02
7.4970+02
7.4970+02

7.5958+02
7.5966+02
7.5970+02

7.6665+02
7.6653+02
7.6653+02

269
TE7

6.9983+02
6.9987+02
6.9987+02

7.0359+02
7.0363+02
7.0368+02

7.0761*02
7.0769+02
7.0756÷02

7.1376+02
7.1372+02
7.1368+02

7.2419+02
7,2432÷02
7.2427+02

7.3598+02
7.3594+02
7,3585+02

7.4128+02
7.4141+02
7.4141+02

7,5064+02
7.5064+02
7.5064+02

7.6051+02
7.6051+02
7.6051+02

7.6771+02
7.6763+02
7.6767+02

273
TO8 _

6.9815+02
6.9797+02
6.9819+02

7.0184_02
7.0179+02
7.0175+02

7.0590+02
7.0577+02
7.0594+02

7.1192+02
7.1192+02
7.1209+02

7.2252+02
7.2252+02
7.2265+02

7.3432+02
i 7.3427+02
7.3410+02

7.3932+02
7.3932+02
7.3927+02

7.4846+02
7.4872+02
7.4872+02

7.5843+02
7.5852+02
7.5852+02

7.6237+02
7.6233+02
7.6225+02

276
TC9

6.9616÷02
6.9625+02
6,9621+02

6.9991+02

6.9978*02
7.0009+02

7.0397+02
7.0410+02
7.0415+02

7.1004+02
7.1013+02
7.1021+02

7.2051+02
7.2047+02
7.2060+02

7.3226+02
7.3226+02
7.3231+02

7.3731+02
7.3744+02
7.3752+02

7.4675+02

7.4671+02

7.4675+02

7.5627+02

7.5640+02
7.5636+02

7.6000+02
7.5996+02
7.5996+02

279
TCIO

6.9871+02
6.9888+02
6.9871+02

7.0329+02
7.0197+02
7.0278+02

7.0684÷ 02
7.0679+02
7.0774+ 02

7.1265+02
7.1359+02
7.1402+02

7.2419+02
7.2299+02
7.2402+02

7.3573+02
7.3564+02
7.3620+02

7.4026+02
7.4034+02
7.411l+02

7.5089+02
7.5059+02
7.5076+02

7.5932+02
7.5983+02
7.6008+02

7.6483+02
7.6496+02
7.6513+02

213
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LIQUID-LIQUID RUNS CORRECTED K FLON

263 266 269 27
TC5 TC6 TC7 TC8

61 7.6636+02 7.6534+02 7.6623+02 7.6119+02
62 7.6644+02 7.6525+02 7.6627+02 7.6127+02
63 7.6636+02 7.6508+02 7.6627+02 7.6123+02

3 276 279
TC9 TCIO

7.5903÷02 7.6551*02
7.5903÷02 7.6534+02
7.5898+02 7.6398+02

64 7.6161+02 7.6025e02 7.6144e02 7.5631+02 7.5432+02 7.5915+02
65 7o6161÷02 7.6038+02 7.6140+02 7.5640+02 7.5441+02 7.6072+02
66 7,6£65+02 7.6025+02 7.6148+02 7.5640+02 7o5436+02 7.5966+02

67 7.4940*02 7.4829*02 7.4919*02 7.4380+02 7.4184-02 7.4812+02
68 7,4932+02 7.4816+02 7.4919+02 7.4376+02 7.4179+02 7.4803+02
69 7.4923+02 7o4791÷02 7.4910+02 7.4372+02 7.4158,02 7°4667÷02

70 7.2184+02 7.2103+02 7.2188*02 7o1662÷02 7.1662+02 7.1662÷02
7X 7,2£97+02 7.2085+02 7.2X45+02 7.X67£+02 7.X67£+02 7°X67£+02
72 7.2[92+02 7.208I+02 7.2171+02 7.1662+02 7o1662+02 7.1662+02

73 7.1171+02 7.1056+02 7.1124+02 7.0462+02 7.0256+02 7.0248÷02
74 7.1175+02 7.1064+02 7.1115+02 7.0462+02 7.0269+02 7.0248÷02

75 7.1171+02 7.1068+02 7.1128+02 7°0440+02 7.0269+02 7.0261+02

76 7.1286+02 7.1192+02 7.1274+02 7.0590+02 7.0355+02 7.0368+02

77 7.1303+02 7.1197+02 7.1252+02 7.0590+02 7.0393+02 7.0389+02
78 7,1312+02 7.1197+02 7.1252+02 7.0577+02 7.0389+02 7.0389+02

79 7.1701+02 7.1577+02 7.1632+02 7.1026+02 7.0778+02 7.0744+02
80 7.1667+02 7.1568+02 7.1654+02 7.1009+02 7.0756+02 7.0765+02
81 7.1679+02 7.1564+02 7.1654+02 7.1034+02 7.0756+02 7.0756+02

82 7.2615+02 7.2504+02 7.2581+02 7.1846+02 7.1671+02 7.1679+02

83 7.2620+02 7.2487+02 7.2573+02 7.1855+02 7.1667+02 7.1679+02

84 7.2603+02 7.2491+02 7.2611+02 7.1889+02 7o1650+02 7.1641+02

85 7.3295+02 7.3175+02 7.3265+02 7.3197+02 7.2996+02 7.3026+02
86 7.3282+02 7.3162+02 7.3282+02 7.3239+02 7.2991+02 7.2991+02
87 7.3282+02 7.3171+02 7.3286+02 7.3239+02 7.2983+02 7.2996+02

88 7.3291+02 7.3158+02 7.3252+02 7.3209+02 7.2996+02 7.3034+02
89 7.3278+02 7.3162+02 7.3265+02 7.3222+02 7.2983+02 7.3013+02
90 7.3282+02 7.3167+02 7.3274+02 7.3231+02 7.2983+02 7.3017+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

91

92

93

94

95

96

97

98

99

I00
I01

102

103
104

105

106

107

I08

109

II0

263 266 269 273
TC5 TC6 TC7 TC8

7.3808+02 7.3658*02 7.3786+02 7.3791+02

7.3808+02 7.3658+02 7.3786+02 7.3791+02

7.3799+02 7.3679+02 7.3803+02 7.3769+02

7.8148+02
7.8131+02

7.8144+02

7o9157+02
7.9708+02
8.0585+02

8.0577+02
8.0577+02

8,i026+02

8.1021+02
8,1013+02

8.2047+02

8.2051+02
8.2034+02
8.2987+02

8.2974+02
8.2987+02

7.7932÷02

7.7949+02

7.7936+02

7.8953+02
7.9508+02
8.0376+02

8.0380+02

8.0402+02

8.0825+02

8,0829+02
8.0829+02
8.1872+02

8,1868+02
8.1872+02
8.2799+02

8.2795+02

8.2812+02

276
TC9

7.3534+02
7.3526+02
7.3521+02

7.8008+02 7.5648+02 7.5411+02

7.8038+02 7.5631+02 7.5394+02

7.8034+02 7.5648+02 7.5403+02

7.9042+02
7.9640+02
8,0496+02

8.0521+02

8.0521+02

8.0957+02

8.0966+02
8.0974+02
8,1974+02

8.1991+02
8.2009+02
8.2915+02

7.6682+02
7,7254+02
7.8064+02

7.8076+02

7.8051+02

7.8462+02

7,8479+02
7.8466+02
7.9458+02

7.9445+02
7.9432+02
8.0269+02

8.0278+02
8.0261+02

8.2932+02
8.2932+02

7.6470+02
7.7008+02

7.7839+02

7.7822+02
7.7814+02
7.8237+02

7.8237+02
7.8229+02
7.9212+02

7.9199+02

7.9191+02

8.0047+02

8.0043+02
8.0030+02

279
TCIO

7. 3534+02
7.3530+02
7.3560+02

7.6322+02
7.6305+02
7.6309+02

7.7356+02
7.7924+02
7.8746+02

7.8746+02
7.8729+02
7.9169+02

7.9169+02

7.9153+02

8.0162+02

8.0145+02

8.0141+02

8.1026+02

8.1034+02

8.1009+02
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LIQUID-LIQUID RUNS CORRECTEO K FLOW

282

TCII

I 7.1346+02

2 7.1359+02

3 7.1312+02

285 288 29
TC12 TC13 TC14

7.2838+02 7.2500+02 7.2359+02
7.2833+02 7.2530+02 7.2359+02

7.2838+02 7.2504+02 7.2346+02

1 297
TCI6

7.3162+02
7.3162+02
7.3179+02

3O0

TC17

7.3081+02

7.3115+02
7.3068+02

4 7.1248+02 7.2709+02 7.2410+02 7.2252÷02 7.3056+02 7.2983+02
5 7.1239+02 7.2701+02 7.2385+02 7.2235+02 7.3047+02 7.2949+02
6 7.1329+02 7.2671+02 7.2380÷02 7.2248+02 7.3009+02 7.2953+02

7.1624+02
7.1611+02
7.1607+02

7.0863+02
7.0846+02
7.0859+02

7.1325+02
7. 1316+02
7.1333+02

7.1201+02
7.1197+02

7.1179+02

7.0585+02
7.0603+02
7.0598+02

7.0474+02
7.0462+02
7.0440+02

7 7.0286+02
8 7.0303+02
9 7.0222+02

7.1979.02

7.1949+02

7.1957+02

7.1235+02
7.1218+02
7.1226÷02

I0 6.9599+02

II 6.9599+02

12 6.9509+02

7.1876+02
7.1880+02
7.1906+02

7.1158+02
7.1175+02
7.1179+02

13 7.0021+02 7.1094+02 7.0859+02 7.0765+02 7.1453+02 7.1380+02
14 6.9961+02 7.1103+02 7.0885+02 7.0752+02 7.1466+02 7.1415+02
15 6.9966+02 7.1098+02 7.0880+02 7.0752+02 7.1457+02 7.1410+02

16 6.9888+02 7.1017+02 7.0791+02 7.0667+02 7.1402+02 7.1342+02
17 6.9905+02 7.1009+02 7.0803+02 7.0684+02 7.1389+02 7.1350+02
18 6.9918+02 7.1009+02 7.0786+02 7.0671+02 7.1397+02 7.1338+02

19 6.9784+02 7.0778+02 7.0598+02 7.0496+02 7.1184+02 7.1175+02
20 6.9763+02 7.0799+02 7.0577+02 7.0496+02 7.1205+02 7.1171+02
21 6.9789+02 7.0791+02 7.0581+02 7.0496+02 7.1188+02 7.1162+02

22 6.9543+02 7.0513+02 7.0316+02 7.0244+02 7.0970+02 7.0932+02
23 6.9530+02 7.0509+02 7.0308+02 7.0235+02 7.0966+02 7.0932+02
24 6.9534+02 7.0509+02 7.0308+02 7.0239+02 7.0962+02 7.0932+02

25 4.7500+02 7.0248+02 7.0051+02 6.9983+02 7.0735+02 7.0697+02
26 6.8940+02 7.0235+02 7.0051+02 6.9966+02 7.0735+02 7.0692+02
27 6.8901+02 7.0222+02 7.0068+02 6.9983+02 7.0714+02 7.0718+02

28 6.8763+02 6.9720+02 6.9569+02 6.9474+02 7.0286+02 7.0256+02
29 6.8763+02 6.9720+02 6.9573+02 6.9474+02 7.0286+02 7.0274+02
30 6.8797+02 6.9716+02 6.9552+02 6.9470+02 7.0278+02 7.0239+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

282
TClI

31 6.9819+02
32 6.9961+02
33 6.9819+02

34
35
36

37

38
39

7,0222+02
7.0295+02
7.0350+02

7.0620+02
7.0765+02
7.0709+02

40 7.1363+02
41 7.1397+02
42 7.1355+02

43
44
45.

7.2312+02
7,2389÷02

7,2312+02

285
TCI2

7.0650*02
7.0641t02
7.0654+02

7.1060+02
7.1077+02
7.1064+02

7.1513+02
7. 1513+ 02
7.1509+02

7.2184+02
7.2167÷02
7.2171÷02

7.3244*02
7.3274+02
7.3261.02

46 7.3479÷02 7.4453+0.2
47 7.3474+02 7.4453÷02
48 7.3581+02 7.4436+02

288
TCI3

7.0504*02
7.0487+02
7.0504+02

7.0915+02
7.0897+02
7.0893+02

7.1350+02
7.1321+02
7.1338+02

7.1970-02
7,1979+02
7. 1987+02

7.3064+02
7.3060+02
7.308I÷02

7.4256÷02
7.4252+02
7.4239+02

29
TC14

7.0427+02
7.0423+02
7.0432+02

7.0829*02
7.0821+02
7.0825+02

7.1261*02
7.1248+02
7.1269+02

7.1897-02
7.1906+02
7.1923+02

7.2979+02
7.2966+02
7.2996+02

7.4154+02
7.4154+02
7.4162+02

1 297

TC16
7.1175÷02

7.1158+02
7.1179+02

7.1568+02

7.1556+02

7.1551+02

7.1962+02
7.1949+02
7.1936+02

7.2577÷02
7.2577+02
7.2581+02

7.3620+02
7.3650+02
7.3650÷02

7.6808+02
7.4803+02
7.4791+02

300
TCI7

7.1154+02

7.1132+02

7.1150+02

7. 1543+02

7.1521+02

7. 1509+02

7.1927+02
7.1915+02

7.1936+02

7.2517+02
7.2526+02
7.2547+02

7.3585+02

7.3564+02

7.3585+02

7.4744+02
7.4744+02
7.4752+02

49 7.4009+02 7.5055+0,2 7.4821+02 7.4722+02 7.5369+02 7.5314+02

50 7,4158+02 7.5047+02 7.4816+02 7.4735+02 7.5360+02 7.5343+02
51 7.4179+02 7.5038+02 7.4821+02 7.4748+02 7.5386+02 7.5343+02

52 7.5064+02 7.6008+02 7.5788e02 7.5695+02 7.6343+02 7.6280÷02
53 7.4957+02 7.6025+02 7.5784+02 7.5686+02 7.6347+02 7.6263+02
54 7.4970+02 7.6030e02 7.5792+02 7.5695+02 7.6343+02 7.6271+02

55 7.5987+02 7.7017+02 7.6746+02 7.6708+02 7.7314+02
56 7.5924+02 7.7021+02 7.6767+02 7.6708+02 7.7314+02
57 7.5919+02 7.7021+02 7.6767+02 7.6703+02 7.7322+02

7.7271+02

7.7267+02

7.7271+02

58 7.6585+02 7.8042+02 7.7636+02 7.7606+02 7.8530+02 7.8411+02
59 7.6521+02 7.8034+02 7.7648+02 7.7593+02 7°8525+02 7.8415+02
60 7.6644+02 7.8030+02 7.7623+02 7.7597+02 7.8517+02 7.8424+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

282 285 288 29
TCX1 TCI2 TCI3 TC14

61 7.6462+02 7.7856÷02 7.7492+02 7.7470+02
62 7.638X+02 7.7860+02 7.7496+02 7.7475+02
63 7.6356+02 7.7869+02 7.7496+02 7.7449+02

1 297
TC16

7.8381+02
7.8377+02
7.8390÷02

300
TC17

7.8288+02
7.8280+02
7.8267+02

64 7.5869÷02 7°7360÷02 7.6996+02 7.694I+02 7.7886+02 7.7792+02
65 7.5941+02 7.7343+02 7.6992+02 7.6975+02 7.7915+02 7.7805+02
66 7.5873+02 7.7360+02 7.7000+02 7.6953+02 7.7903+02 7.7805+02

67 7.4709+02
68 7.4705+02
69 7°4598+02

70
7].
72

4.7500+02
4.7500+02
4.7500+02

73 7.0256+02
74 7.0244+02
75 7.0244+02

7.6089+02
7.6076+02
7.6068+02

7.3256+02
7.3269+02
7.3265+02

7.2201+02

7.2192+02

7.2184+02

7.2397+02
7.3184+02
7.2397+02

7.5733+02
7.5720+02
7.5720+02

7.2910+02
7.2923+02
7.2893+02

7.I846+02
7.I842+02
7oi842+02

7.2004÷02
7.2013+02
7.2009+02

7.5725+02
7.5716+02
7.5678+02

7.2923+02
7.2906+02
7.2923+02

7.I850+02
7. I855+02
7.I859+02

7.2004+02
7.2026+02
7.2026+02

76
77
78

7.6682÷02
7.6678÷02
7o6661+02

7.3868t02
7.3859+02
7.3859+02

7.2778÷02
7.2778+02
7.2769+02

7.2932+02
7.2906+02
7.2885÷02

7.0393+02
7.0363+02
7.0363+02

7.6597+02
7.6581*02
7.6555+02

7.3821+02
7.3774+02
7.3786+02

7.2735+02
7.2722+02
702722+02

7.2825+02
702833*02
7.2833+02

79 4.7500+02 7.2838+02 7.2372+02 7.2453+02 7.3274+02 7.3222+02
80 4.7500*02 7.3419+02 7.2419+02 7.2423+02 7.3316+02 7.3218+02
8X 4.7500+02 7.2850+02 7.2444+02 7.2440+02 7.332£+02 7.3239+02

82 7.3752+02 7.3829+02 7.3410+02 7.3432+02 7.4303÷02 7.4188÷02

83 7.3735+02 7.3829+02 7.3406+02 7.3423+02 7.4286+02 7.4197+02

84 7.3744+02 7.3859+02 7.3432+02 7.3410+02 7.4291+02 7.4239+02

7.3543+02
7.3560+02
7.3560+02

85 7.3632+02
86 7.3628+02
87 7.3637+02

7.3568+02
7.3564+02
7.3564+02

7.3620+02
7.3628+02
7.3637+02

7.4090+02
7.4068+02
7.4085+02

7.4013+02
7.4047+02
7.4064+02

88 7.3573+02 7.3543+02 7.349I+02 7.3517+02 7.4030+02 7°3962+02
89 7.3568t02 7.3551+02 7.3500+02 7.3513+02 7°4026+02 7.3983+02
90 7.3573+02 7.3556+02 7.3500+02 7.3517+02 7.4026+02 7.399£+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

282 285 288 29
TCI£ TCI2 TC[3 TC[4

9t 7.4064+02 7.4038+02 7.4004÷02 7.4009+02
92 7.4064+02 7.4038+02 7.4000÷02 7.4013+02
93 7.4073+02 7.4030e02 7.4000+02 7.4030+02

94 7.6305+02 7.8572+02
95 7.6309+02 7.8572+02
96 7.6309+02 7.8585*02

97 7.7364_02 7.9581÷02
98 7,7903+02 8,017I+02
99 7.8746÷02 8.1051+02

lO0 7.8733+02 8.1060+02
lOI 7,8729+02 8.1056+02
102 7o9174+02 8.1487+02

103 7.9153+02 8.1500.02
104 7.9157+02 8.1496+02
105 8.0137+02 8.2521+02

106 8.0145+02 8.2526*02
107 8.0167+02 8.2513+02
108 8.1030+02 8.3440+02

109 8.1009+02

110 8.1030÷02

7.8508+02
7.8496+02
7.8500+02

7.8458+02
7.8462+02
7.8458+02

7.9538÷02
8.0124÷02
8,1013+02

7.9458*02
8,0017+02
8.0889+02

8. 1009+02
8.1000+02
8.1457+02

8.0880+02
8.0872+02
8.1325+02

8.1453+02

8.1444+02

8.2462+02

8.1325+02
8,1333+02
8.2329+02

8.2462+02
8.2474+02
8.3402+02

8.2333+02
8.2359+02
8.3278+02

1 297

[C16
7.4513+02

7.4513+02

7.4487+02

7.8559+02
7.8559+02
7.8564+02

7.9581÷02
8.011i+02
8.0979+02

8.0991+02
8.0987÷02
8.1410÷02

8.1415+02
8.1410+02

8.2419+02

8.2410+02
8.2410*02
8.3312+02

3O0
TC17

7.4440+02
7.4444+02
7.4432+02

7.8699+02
7.8678÷02
7.8691+02

7.9653+02
8.0201+02
8. t068+02

8.1077+02

8.1051+02

8.1466+02

8.1466+02
8.1453+02
8.2423+02

8.2436+02
8.2453+02
8.3329+02

8.3457+02 8.3410+02 8.3278÷02 8.3316+02 8.3342+02
8.3453+02 8.3389+02 8.3286+02 8.3321+02 8.3329+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

303 306 311 313
TCX8 TC19 TKO TK!

1 7.2932+02 7.2150+02 7.314I+02 7.6858+02
2 7.2949+02 7.2X15+02 7.3132+02 7.6856÷02
3 7.2919+02 7.2150+02 7.3132+02 7.6839+02

4 7.2808+02 7.2026+02 7.2964+02 7.6672+02
5 7.2795+02 7.2038+02 7.2962+02 7.6631+02
6 7.2821+02 7.2026+02 7.2953+02 7.6631+02

7 7.1744+02 7.1030÷02 7.1838+02 7.5604+02
8 7.1761+02 7.1017+02 7.1829+02 7.5597+02
9 7.1744+02 7,0983+02 7.1812+02 7.5623+02

I0 7.I043+02 7.0316+02 7.1026+02 7.5038+02
II 7.1051+02 7.0299+02 7.1024+02 7.5053+02

12 7,1026+02 7.0261+02 7.I011+02 7.5053+02

13 7.1261+02 7.0667+02 7.1162+02 7.4921+02

14 7.I274+02 7.0637+02 7.1158+02 7.4932+02

15 7.1274+02 7.0641+02 7.1154+02 7.4936+02

16 7.1197+02 7.0581+02 7.1028+02 7.5040+02

17 7,1222+02 7.0581+02 7.I026+02 7.5070+02

18 7.1201+02 7.0585+02 7.1036+02 7.5044+02

19 7.1064+02 7.0436+02 7.0759+02 7.5225+02
20 7.1038+02 7.0449+02 7.0763+02 7.5208+02
21 7,1051+02 7.0453+02 7.0765+02 7.5220+02

22 7.0812+02 7.0239+02 7.0419+02 7.5432+02
23 7.0812+02 7.0235+02 7.0410+02 7.5428+02
24 7.0812+02 7.0226+02 7.0408+02 7.5436+02

25 7.0560+02 7.0000+02 7.0092+02 7.5587+02
26 7.0564+02 6.9991+02 7.0094+02 7.5585+02
27 7.0585+02 6.9983+02 7.0079+02 7.5608+02

28 7.0090+02 6.9517+02 6.9491+02 7.5877+02
29 7.0103+02 6.9522+02 6.9491+02 7.5879+02
30 7.0094+02 6.9547+02 6.9498+02 7.5862+02

316
TNAO

7.1627+02
7.1630+02
7,1634+02

7.1553+02

7.1548+02
7.1543+02

7.0546+02
7.0534+02
7.0517+02

6.9829+02

6,9813+02

6.9805+02

7.0205+02
7.0198+02
7.0194+02

7.0135+02
7.0138+02
7.0145+02

6.9958+02
6.9962+02
6.9958+02

6.9739+02
6.9731+02
6.9736+02

6.9497+02
6.9499+02
6.9486+02

6.9046+02
6.9045+02
6.9052+02

319
TNAI

7.0893+02
7.0925+02
7.0908+02

7.0868+02
7.0848+02
7.0859+02

6.9871+02
6.9873+02
6.9864+02

6.9175+02

6.9175+02

6. 9159+02

6.9692+02
6.9698+02
6.9698+02

6.9627+02
6.9642+02
6.9627+02

6.9481+02
6.9457+02
6.9466+02

6.9244+02
6.9233+02
6.9237+02

6.9004+02

6.8998+02

6.9019+02

6.8571+02

6.8571+02

6.8560+02
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LIQUID-LIQUID RUNS CORRECIED K FLOW

303

TCI8

31 _ 7.0996+02
32 7.1013+02

33 7.1013+02

34 _ 7,1393+02
35,.7.1389+02
36 7.1393+02

37 7,1782+02
38 7.1795+02

39 7,1795+02

40 7.2393+02
41 7.2410+02
42 7,2419+02

43 7.3444+02
44 7.3440+02
45 7.3462+02

306

TC19
7.0479+02
7.0500*02
7.0479+02

7.0846+02
7.0880+02

l 7.0880+02

7.1244,02
7.1269+02
7.1248+02

7.1880+02
7.1880,0.2
7.1872+02

7.2897+02
7.2932+02
7.2910+02

311 313
TKO TKI

7.0455+02 7.5919+02
7.0474+02 7.5917+02
7o0462+02 7.5934+02

7,0919+02
7.0932+02
7,0934+02

7.5951*02
7.5924+02
7.5905+02

7.,1427+02

7,1449+02
7,,1442+02

7.5790+02
7.5769+02
7.5780+02

7.2179+02
7.2190+02
7.2186+02

7,5987*02
7.6002*02
7.6023+02

7,3276+02
7.3297+02
7.3288÷02

7.6816+02
7.6822+02
7.6833+02

316
TNAO

6.9968+02
6.9980+02
6.9973+02

7.0342+02
7.0348+02
7.0358+02

7,0742+02
7.0755+02
7,0754+02

7.1362+02
7.1363+02
7.1368+02

7.2403+02
7.2416+02
7.2413+02

319
TNAI

6.9716+02
6.9711+02
6.9720+02

7.0088+02
7.0079+02
7.0092+02

7.0494{02
7.0494+02
7.0504+02

7.1098+02

7.1103+02

7.1115+02

7.2152+02

7.2150+02

7.2162+02

46 7.4607+02 7.4081+02 7.4530+02 7.7788+02 7.3578+02 7.3329+02
47 7.4607+02 7.4094,02 7°4519+02 7.7790+02 7.3574+02 7.3327+02
48 7.4615+02 7°4073+02 7.4526+02 7.7784+02 7.3575+02 7.3321+02

7.5167+02

7.5163+02

7.5178+02

7.8331+02
7.8328+02
7.8335+02

7.6174+02
7.6182÷02
7.6186+02

7.9176+02

7.9201+02

7.9201+02

7.7203+02
7.7208+02
7.7208+02

8.0135+02

8.0122+02

8.0124+02

49 7.5186+02
50 7.5203+02
51 7.5199+02

52 7.6127+02
53 7,6127+02

54 7.6131+02

55 7.7127+02

56 7.7123+02

57 7.7123+02

7.4645+02
7.4620+02
7.4628+02

7,5572+0.2
7.5597+02
7.5606+02

7.4107+02
7.4115+02
7.4121+02

7.5059+02
7.5062+02
7°5065+02

7.6054+02
7.6059+02
7.6064+02

7.6733+02
7.6726+02
7.6725+02

7.6572+02
7.6585+02
7.6589+02

7.7449+02
7.7462+02
7.7436+02

58 7.8203+02
59 7.8195+02
60 7,8195+02

7.8434÷02
7.8439+02
7.8417+02

8.2662+02
8.2662+02
8.2643+02

7.3831+02
7.3838+02
7.3840+02

7.4761+02
7.4771+02

704774+02

7.5735+02
7.5746+02

7.5744+02

7.6119+02

7.6114+02

7.6110+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW:

303 306 311 31
TC18 TC19 TKO TK!

61 7.8059+02 7.7301+02 7.8244+02 8.2571+02
62 7,8055+02 7.7309+02 7,8235+02 8.2566+02
63 7.8042+02 7.7326÷02 7,8229+02 8.2571÷02

64 7.7564+02 7.6843+02 7.7672+02 8.2250+02
657.7572+02 7.6831+02 7.7689÷02 8.2248+02
66 7.7572+02 7.6852+02 7.7682+02 8.2256+02

67 7.6356+02 7.5606+02 7.6347+02 8.1429+02
68 7,6347÷02 7,5593+02 7.6337+02 8.1408+02
69 7,6326+02 7.5597+02 7.6320+02 8.1397+02

7O
71
72

73
7/+
75

7.3581+02 7.282I+02 7.3423+02 7.8803+02
7.3573+02 7.2846+02 7.3440+02 7.8807+02
7.3585+02 7.2812+02 7.3427+02 7.8822÷02

7.2491+02 7.1714+02 7.2359+02 7,7847+02
7.2487+02 7.1709+02 7.2365+02 7.7833+02
7.2496+02 7.1726+02 7.2359+02 7.7826+02

76 7.2590+02 7.1846+02 7.2658+02 7,7439+02
77 7,2632+02 7.1846+02 7.2671+02 7.7428+02
78 7.264I+02 7.1850+02 7.2669+02 7.7432+02

79 7.3009+02 7.2248+02 7.3171+02 7.7600+02
80 7.3004+02 7.2248+02 7.3177+02 7.7604+02
81 7.3013+02 7.2235+02 7.3177+02 7.7621+02

82
83
84

7.3966+02 7.3214+02 7.4235+02 7.8504+02
7.3979+02 7.3214+02 7.4218+02 7.8508+02
7.4009+02 7.3188+02 7.4237+02 7.8532+02

85 7.3915+02 7.3697+02 7.3447+02 7.8025+02
86 7.3953+02 7.3688+02 7°3449÷02 7.8038+02
87 7.3944+02 7.3675+02 7.3451+02 7.8023+02

88 7.3855+02 7.3641+02 7.3355+02 7.8583+02
89 7.3868+02 7.3628+02 7.3359+02 7.8574+02
90 7.3872+02 7.3637+02 7.3365+02 7.8576+02

3 316
TNAO

7.6597+02
7.6599+02
7.6590+02

7.6110÷02
7.6113+02
7.6113+02

7.4896+02
7.4889+02
7.4875+02

7.2158*02
7.2142+02
7.2148+02

7.1117+02
7.1118+02
7.1123+02

7.1251+02
7.1251+02
7.1254+02

7.1637+02
7.1630+02
7.1632+02

7.2567+02
7.2560+02
7.2568+02

7.3245+02
7.3242+02
7.3246+02

7.3234+02
7.3235+02
7.3241+02

319
TNA!

7.6011+02

7.6015+02

7.6011+02

7.5532+02
7.5540+02
7.5538+02

7.4282+02
7.4278+02
7.4265+02

7.1662+02
7.167X+02
7,1662+02

7.0359+02
7.0365+02
7.0355+02

7.0472+02
7.0491+02
7.0483+02

7.0902+02
7.0882+02
7.0895+02

7.1759+02
7.1761+02
7.1769+02

7.3096+02
7.3115+02
7,3111+02

7.3103+02

7.3103+02
7. 3107+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

303
TC[8

91 7.4342+02

92 7.4346+02
93 7.4368e02

306 311 313

TCX9 TKO I_I
7.4179+02 7.3835+02 7.997_+02

7.4188.02 7.3835÷02 7.9983+02

7.4201÷02 7.3842+02 7.9981+02

316
TNAO

7.3751+02
7.3751+02
7.3761÷02

319
INAI

7.3662+02

7.3658+02
7.3645+02

94 7.8602+02 7.8051+02 7.8445+02 8.3333+02 7.8030+02 7.5530+02
95 7.8602+02 7.8076+02 7.8468+02 8.3335+02 7.8040+02 7.5513+02
96 7.8593+02 7.8068+02 7.8460+02 8.3340+02 7.8038+02 7.5525+02

7.9513+02
8.0143+02
8. 1088_02

8.1098+02
8.1100t02
8.1566+02

8,4068÷02
8.4073+02
8.4650÷02

8.4647÷02
8. 4632÷02
8. 4746+02

97 7.9619+02 7.9064÷02
98 8.0158+02 7.958I+02
99 8.I013+02 8,0427+02

7.9051+02
7.g619÷02
8,0486+02

8.0493+02
8,0500+02 l
8.0936+02

100 8,1004+02 8.0419+02
lOl 8,0996{02 8.0423+02
102 8.1423+02 8.0795+02

7.6576*02
7.7131+02
7.7951÷02

7.7949+02
7.7932+02
7.8350+02

103 8.1415+02 8.0821+02 8.1566+02 8.4763+02 8.0939+02 7.8358+02
104 8.1427t02 8.0829+02 8.1566t02 8.4761÷02 8.0939+02 7.8347+02
105 8.2385+02 8.1808t02 8.2600+02 8.5557+02 8.1964t02 7.9335+02

8.1970+02
8.1972+02
8.290p+02

1068.2423+02 8.1808+02
107 8.2419÷02 8.1799+02
108 8.3316+02 8.2697+02

8.2613+02
8.2605+02
8,3526{02

8.5574+02
8.5588+02
8.6256+02

7.9322+02
7.9311+02
8.0158+02

109 8.3312+02 8.2692÷02 8.3524+02 8.6271+02 8.2900+02 8.0160+02
110 8.3312+02 8.2701+02 8.3536+02 8.6258+02 8.2910+02 8.0145+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

I
2

3

325 330 332 334

WK WNA TKM TNAM

1.8253.03 4,2512+03 7.5000*02 7.1260+02

1.8253÷03 4.2512.03 7.4994+02 7.1277+02
1.8253.03 4.2512.03 7.4986+02 7.1271+02

4 1.7682+03 4.2587+03 7.4818+02 7.1210*02

5 1.7682+03 4.2587+03 7.4796+02 7.1198+02

6 1.7682+03 4.2587+03 7.4792+02 7.1201+02

7
8
9

I0
II
12

13
14

15

1.6443+03

1.6443+03

1.6443+03

1.5129+03

1.5129*03

1.5129+03

1.3806+03

1.3806+03

1.3806+03

4.2349+03
4.2349+03
4.2349+03

4.2380+03
4.2380+03
4.2380+03

4.2351+03

4.2351+03

4.2351+03

7.3721*02
7.3713+02
7.3717+02

7.3032+02
7.3038+02
7 • 3032+02

7.3042+02
7.3045+02
7.3045+02

7.0208+02

7.0204+02

7.0191+02

6.9502+02
6°9494+02

6.9482+02

6.9948+02
6. 9948+02

6.9946+02

34

DTLM
3.2463+01

3.2255+01

3.2219+01

3.1062.01

3.1011+01

3.0952+01

2.9805*01

2.9803+01

2.9912+01

2.9366+01

2.9537+01

2.9546+01

2.5159+01

2.5200+01

2.5213+01

5 354

TKI
7.5049+02

7. 5046+02

7. 5034+02

7.4851+02
7.4829+02
7.4827+02

7. 3719+02

7.3715+02

7.3718+02

7.2986*02
7.2998+02
7.2988+02

7.!2958+02
7.2963+02
7.2964+02

16 1.2742+03 4.2210+03 7.3034+02 6.9881+02 2.5078+01 7.2897+02
I_ 1.2742+03 4.2210+03 7.3048+02 6.9890+02 2.5072+01 7.2909+02

18 "1.2742+03 4.2210+03 7.3040+02 6.9886+02 2o5077+01 7o2901+02

7.2992.02

7.2985+02
7.2993+02

4.2444+03
4.2444+03
4.2444+03

19 1.1447+03

20 1.1447+03

21 1.1447+03

2.5084+01
2.5103+01
2.5184+01

2.4948+01
2.4949+01
2.4882*01

22 9.8700+02
23 9.8700+02
24 9.8700+02

6.9719+02

6.9710+02
6.9712+02

6.9491+02
6.9482+02
6.9486+02

4.209.2+03
4.2092+03
4.2092+03

7.2926+02
7.2919+02
7.2922+02

7.2760+02

7.2750+02

7.2762+02

7o2532_02
7.2523+02

7.2521+02

25 8.9436+02 4,2026+03 7.2839+02 6.9251+02 2,4907+01 7.2295+02

26 8.9436+_2 4.2026+03 7.2839+02 6.9248+02 2.4928+01 7.2294+02
27 8.9436+02 4.2026+03 7.2844+02 6.9253+02 2.4906+01 7.2300+02

4.2457+03
4.2457+03
4.2457+03

28 7.5099+02
29 7.5099+02

30 7.5099+02

2.4524+01

2.4552+01
2.4526+01

6.8809+02
6.8808+02
6.8806+02

7.2684+02
7.2685+02
7.2680+02

7.1799+02

7.1802+02

7.1795+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

325
WK

31 8.4948+02
32 8.4948+02
33 8.4948+02

34 9.2342+02

35 9.2342+02
36 9,2342+02

37
38
39

40
41
42

1.0567+03
1.0567+03
1,0567+03

1.2141+03

1,2141+03
1.2141{03

43 1.3315+03
46 1.3315+03
45 1.3315+03

46 1.14386+03
67 1,4386+03
48 1.4386÷03

49 1.5904+03
50 1.5904+03
51 1.5904+03

52 1.7073+03
53 1.7073+03
54 1,7073+03

55 1.7733+03
56 1.7733+03
57 1.7733+03

58 1.7458+03
59 1.7458+03
60 1.7458+03

330 332 334
WNA TKM TNAM

5.7212+03 7.3187+02 6.9842÷02
5.7.212+03 7.3196+02 6.9845+02
5.7:212+03 7.3198+02 6.9846+02

5.7294+03
5.7294+03
5.7294+03

5.7346+03
5.7346+03

_ 5,7346+03

5.7095+03
5.7095+03

5.7095+03

5.7106+03
•" 5.7106÷03
5.7106+03

5.7227+03
5.7227+03
5.7227+03

• 5.7464+03
5.7464+03
5.7464+03

5.7405+03
5.7405+03

5.7405+03

5.6794+03
5.6794+03
5.6794+03

5.6438+03
5.6438+03
5.6438+03

7.3435+02
7.3428+02
7.3419+02

7.0215+02
7.0213+02
7.0225+02

7.3609+02
7.3609+02
7.3611+02

7.0618+02
7.0624+02
7.0629+02

7.4083+02
7.4096+02
7.4105+02

7.1230+02
7.1233+02
7.1241+02

7.5046+02
7.5060+02
7.5061+02

7.2277+02
7.2283+02
7.2288+02

7.6159+02
7.6155+02
7.6155+02

7.3454+02
7.3450+02
7.3448+02

7.6749+02
7.6746+02
7.6756+02

7.3969+02
7.3976+02
7. 3980÷02

7.7675+02
7.7692+02
7.7694+02

7.4910+02
7.4917+02
7.4919+02

7.8669+02
7.8665+02
7.8666+02

7.5894+02
7.5903+02
7.5904+02

8.0548+02
8.0550+02
8.0530+02

7.6426+02
7.6420+02
7.6417+02

345
D[LM

2.2465+01
2.2580+01
2.2521+01

2.2799+01
2.2840+01
2.2656+01

2.2548+01
2.2584+01
2.2528+01

2,2767+0t
2.2890+01
2.2830+01

2,2619+01
2.2726+01
2.2665+01

2.2708+01
2.2664+01
2.2709+01

2.3795+01
2.3657+01
2.3750+01

2.3976+01
2.4072+01
2.4077+01

2.4216+01
2.4126+01
2.4105+01

3.5947+01
3.6054+01
3.5840+01

354
TKI

7.2577+02
7.2593+02
7.2589+02

7,2989+02

7.2990+02
7.2980+02

7.3350+02
7.3358+02
7.3358+02

7.3963+02
7.3980+02
7.3984+02

7.4981+02
7.4996+02
7.4997+02

7.6148+02
7.6141+02
7.6142+02

7.6773+02
7.6766+02
7.6779+02

7.7720+02
7.7739+02
7.7741+02

7.8724+02
7.8721+02
7.8720+02

8.0610+02
8.0615+02

8.0590+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

61
62
63

325

WK

1.6578+03

1.6578+03

1.6578+03

64 1.5465+03

65 1.5465+03

66 1.5465+03

67 1.3877+03

68 1.3877+03

69 1,3877+03

330 332 334
WNA TKM TNAM

5.6399+03 8.0407+02 7.6304+02

5.6399+03 8,0401+02 7.6307+02
5.6399+03 8.0400+02 7.6300+02

5.6991+03
5.6991+03

5.6991+03

5.6478+03
5.6478+03
5.6478+03

7.996 I+02
7.9968+02

7.9969+02

7.8888+02
7.8872+02
7.8859+02

7.5821+02

7. 5827 +02

7. 5826+02

7.4589+02
7.4583+02
7.4570+02

345

DTLM
3.5542+01

3.5431+01

3.5477+01

3.5339+01

3.5427+01

3.5407+01

3.5730+01

3.5644+01

3.5626+01

354
TKI

8.0453+02
8.0445+02
8.0445+02

7.9969+02
7.9982+02
7.9980+02

7.8815+02
7.8799+02
7.8785+02

70 1.2384+03 5.6459+03 7.6113+02 7.1910+02 3.3948+01 7.5963+02

71 1.2384+03 5.6459+03 7.6124+02 7.1907+02 3.4252+01 7.5992+02

72 1,2384+03 5.6459+03 7.6125+02 7.1905+02 3.4144+01 7.5980+02

73 1.2396+03 4.6411+03 7.5103+02 7.0738+02 3.4769+01 7.4897+02

74 1.2396+03 4.6411+03 7.5099+02 7.0742+02 3.4756+01 7.4898+02

75 1.2396+03 4.6411+03 7.5093+02 7.0739+02 3.4662+01 7.4884+02

76 1.4518+03 4.6617+03 7.5048+02 7.0861+02 3.4758+01 7.4974+02

77 1.4518+03 4.6617+03 7.5049+02 7.0871+02 3.4782+01 7.4985+02
78 1.4518+03 4.6617+03 7.5051+02 7.0868+02 3.4776+01 7.4982+02

7.1269+02
7.1256+02
7.1264+02

7.2163+02
7.2160+02
7.2169+02

79 1.5826+03
80 1.5826+03
81 1.5826+03

82 1.7392+03

83 1.7392+03

84 1.7397+03

7.5385+02

7.5391+02

7.5399+02

3.5037+01
3.5231+01

3.5219+01

3.6341+01

3.6263+01

3.6402+01

7.6370+02
7.6363+02
7.6384+02

4.6666+03
4.6666+03
4.6666+03

4.7108+03
4.7108+03

4.7108+03

7.5385+02

7.5392+02

7.5400+02

7.6404+02
7.6396+02
7.6419+02

85 5.9972+02 4.7370+03 7.5736+02 7.3171+02 1.4789+01 7.4952+02
86 5.9972+02 4.7370+03 7.5743+02 7.3179+02 1.4873+01 7.4975+02

87 5.9972+02 4.7370+03 7.5737+02 7.3179+02 1.4808+01 7.4965+02

88 4.8999+02 4.7137+03 7.5969+02 7.3168+02 1.4057+01 7.4805+02

89 4.8999+02 4.7137+D3 7.5967+02 7.3169+02 1.4119+01 7.4815+02

90 4.8999+02 4.7137+03 7.5971+02 7.3174+02 1.4134+01 7.4822+02

226



LIQUID-LIQUID RUNS CORRECTED K FLOW

91

92

93

94
95
96

325 330 332 334
WK WNA TKM TNAM

4.1916+02 4.7919+03 7.6907+02 7.3707+02
4.1916+02 4.7919+03 7.6909+02 7.3704+02

4.1916+02 4.71919+03 7.6911+02 7.3703+02

8.1047+02 7.5918+02 8.0889+02 7.6780+02
8.1047+02 7.5918+02 8.0902+02 7.6776+02
8.1047+02 7.5918+02 8.0900+02 7.6782+02

97 8.5966+02 7.5990+02
98 9,8318+02 7.5354+02
99 1.0890+03 7.5538+02

100 1.0890+03 7.5538+02
101 1,0890+03 7.5538+02
102 1.2352+03 7.5638+02

103
104

105

106
107
108

109
110

1.2352+03
1.2352+03
1.3156+03

1.3156+03
1.3156+03
1.4816+03

1.4816+03

1.4816+03

345
DTLM

1.4455+01
1.4470+01
1.14355+01

2.5187+01
2.5461+01
2.5321+01

354
IKI

7.5327+02
7.5326+02
7.5303+02

8.0219+02

8.0240+02
8.0233+02

8.1791+02 7.7814+02 2.5231+01 8.1227+02
8.2108.02 7.8375+02 2.4845+01 8.1698+02
8,2869+02 7.9219_02 2.5301+01 8.2553+02

8.2873+02 7.9221+02 2.5348+01 8.2558+02
8.2866+02 7.9216+02 2.5287+01 8.2546+02
8.3155+02 7.9643+02 2.4856+01 8.2902+02

7.5638+02 8.3165+02 7.9648+02 2.4869+01 8.2911+02
7.5638+02 8.3163+02 7.9643+02 2,4891+01 8.2909+02
7.0473+02 8.4079*02 8.0650+02 2.4493+01 8.3871+02

8.4093+02 8.0646+02 2.4661+01 8.3886+02
8.4096+02 8.0641+02 2.4603+01 8.3883+02
8.4891+02 8.1529+02 2.4031+01 8.4708+02

7.0473+02
7.0473+02
6.9429+02

6.9429+02
6.9429+02

2.4037+01
2.4079+01

8.4897+02
8.4897+02

8.1530+02
8.1528+02

8.4714+02

8.4712+02

227



LIQUID-LIQUID RUNS CORRECTED K FLOW

359 361 363 364

TK2 TNA1 TNA2 QK

I 7.3929#02 7.1354+02 7.1640+02 1.2382+04

2 7.3929+02 7.1386+02 7.1671+02 1.2403+04
3 7.3918+02 7.1368+02 7.1652+02 1.2347+04

366
UI

7.7696*02
7.8334+02
7.8063+02

369
Q/AI[

2.8708+04
2.8665÷04
2.8615+04

4 7.3742+02 7.1316+02 7.1589+02 1.1967+04 7.8478+02 2.7739+04
5 7.3727+02 7.1292+02 7.1564+02 1.1844+04 7.7800+02 2.7517+04
6 7.3725÷02 7.1304+02 7.1575+02 1.1871+04 7.8131+02 2.7526+04

7 7.2597+02 7.0305+02 7.0563+02 1.1309+04 7.7296*02 2.6394*04
8 7.2594+02 7.0306+02 7.0565f02 1.1316+04 7.7348+02 2.6363+04
9 7.2588+02 7.0303+02 7.0563+02 1.1444+04 7.7934+02 2.6616+04

10 7.1804+02 6.9609+02 6.9859+02 1.1091+04 7.6937+02 2.5980+04
11 7.1813+02 6.9609+02 6.9860+02 1.1138+04 7.6813+02 2.6026+04
I2 7.1800+02 6.9596÷02 6.9848+02 1.1173+04 7.7034÷02 2.6127+04

X3 7.1874+02 7.0071+02 7.0281+02 9.4802*03 7.6758÷02 2.2155+04
14 7.1879+02 7.0079+02 7.0289+02 9.5179+03 7.6940+02 2.2194+04
15 7.1878+02 7.0080+02 7.0290+02 9.5394+03 7.7074÷02 2.2228+04

[6 7.1755+02 7.0011*02 7.0215+02 9.3404+03 7.5870+02 2.1899+04
17 7.1762÷02 7.0029+02 7.0234+02 9.4144+03 7.6492+02 2.2024+04
18 7.1758+02 7.0011+02 7.0216*02 9.3303+03 7.5794+02 2.1908+04

19 7.1522+02 6.9875+02 7.0073÷02 9.3399+03 7.5850+02 2.1888÷04
20 7,1511+02 6.9850+02 7.0048+02 9.2956+03 7.5433+02 2.1876+04
21 7,1522+02 6.9859+02 7.0057+02 9.3176+03 7.5368+02 2.1885,04

22 7.1180+02 6.9647+02 6.9835+02 9.0407+03 7.3820+02 2.1302*04
23 7.1170+02 6.9636+02 6.9825*02 9.0485+03 7.3880+02 2.1329+04
24 7.1167+02 6.9642+02 6.9831+02 9.0677+03 7.4236+02 2.1367+04

25 7.0857+02 6.9419+02 6.9601+02 8.9796+03 7.3441÷02 2.1119+04
26 7.0855+02 6.9413*02 6.9594*02 8.9727+03 7.3323+02 2.1127+04
27 7.0862+02 6.9437+02 6.9618+02 9.0352+03 7.3900+02 2.116I+04

28 7.0236+02 6.8998+02 6.9162+02 8.7631+03 7.2790+02 2.0385+04
29 7.0238+02 6.8998+02 6.9162+02 8.7660+03 7.2730+02 2.0390+04
30 7.0230+02 6.8987+02 6.9150+02 8.7339+03 7.2541+02 2.0371+04

228



L[QU[D-L|QUIO RUNS CORRECTED K FLOW

359
TK2

31 7.1194+02
32 7.1206+02
33 7.1203÷02

34:7.1667+02
35 l_ 7.1670+02
36 7.1668+02

37
38
39

/*0
41
42

43
44
45

7.2157+02
7,2169+02
7.2169+02

7.2883+02
7,2898+02
7,2899+02

7.3968+02
7°3983+02
7°3982+02

361 363
TNAX TNA2

7.0010÷02 7.0132+02
7.0004+02 7.0126+02
7.00t4÷02 7.0136÷02

7.0371+02
7.0359*02
7.0372+02

7.0497+02
7.0486÷02
7.0497+02

7.0760+02
7.0757+02
7.0769+02

7.0891e02
7.0887+02
7.0899÷02

7.1354+02
7.1358+02
7. 1373+02

7.1490+02

7.1495+02
7.1510+02

7.2406+02
7.2403+02
7.2417+02

7.2546+02
7.2543+02
7.2557+02

364
QK

8.4798+03
8.4466+03
8.4928+03

8.4882÷03
8.4201+03
2.3844÷03

8.4200+03
8,3378+03
8.3706+03

8.4416+03
8.4507+03
8.5071+03

8.6020+03
8.5654+03
8.6120+03

366
UI

7.6894+02
7.6202+02
7.6818+02

7.5840+02
7.5099+02
7.5387+02

7.6068+02
7.5206+02
7.5689+02

7.5532+02
7.5205+02
7.5906+02

7.7471+02
7.6778+02
7.7402+02

369
Q/All

1.9744+04
1.9729+04
1.9775+04

1.9860+04

1.9758+04
1.9665+04

1.9700+04
1.9557+04

1.9593+04

1.9709+04
1.9719+04

1.9821+04

1.9949+04
1.9912+04

1.9969+04

46 7.5201+02 7.3574+02 7.37L6+02 8.5490+03 7.6689+02 1.9734+04

47 7,5192+02 7.3574+02 7.3715+02 8.5826+03 7.7141+02 1.9805+04
48 7.5194+02 7.3566+02 7.3708+02 8.5491+03 7.6687+02 1.9753+04

7.4241+02
7.4248+02
7.4249+02

_9

50
51

52
53
54

7.5844+02
7.5837+02
7,5850+02

7.6829+02
7,6844+02
7,6848+02

7.8520+02
7.9031+02
7.8512+02

7.9359+02
7.9488+02
7.9361+02

7.4088+02
7.4095+02
7.4096+02

7.5176+02
7.5189+02
7.5190+02

9.1720+03

9.1782+03
9.1535+03

9.3405+03
9.3932+03
9.3800+03

7.5019+02
7.5030+02
7.5032+02

2.1086+04

2.1112+04

2.1065+04

2.I438+04
2.1527+04
2.1499+04

55 7.7850+02 7.5998+02 7.6160+02 9.4670+03 7.9637+02 2.171I+04
56 7.7852+02 7.6006+02 7.6168+02 9.4120+03 7.9469+02 2.1572+04
57 7.7850+02 7.6005+02 7.6167+02 9.4189+03 7.9596+02 2.161l+04

58 7,9320+02 7.6497+02 7.6735+02 1.3430+04 7.6108+02 3.1304+04
59 7.9326+02 7.6492*02 7.6729+02 1.3417+04 7.5805+02 3.1258+04
60 7.9301+02 7.6488+02 7.6726+02 1.3423+04 7.6293+02 3.1294+04

229



LIQUID-LIQUID RUNS CORRECTED K FLOW

61
62
63

64
65
66

359 361 363 364

TK2 TNAT TNA2 QK

7.9139+02 7.6381+02 7.6611+02 1.3052+04

7.9131+02 7.6386+02 7.6616+02 1.3065+04

7.9128+02 7.6383+02 7.6613+02 1.3097+04

7.8587+02
7.8605+02
7.8599+02

7.5900+02
7.5906+02
7.5906+02

7.6124+02

7.6129+02

7.6129+02

1.2887+04

1.2833+04

1.2875+04

366
Ul

7.4807+02
7.5115+02
7.5201+02

7.4283+02
7.3790+02
7.4073+02

369

QIAIX

3.0461+04

3.0487+04

3.0545+04

3.0220+04
3.0072+04
3.0177+04

67 7.7297+02 7.4664+02 7.4886+02 1.2843+04 7.3223+02 3.0395+04
68 7.7285+02 7.4659+02 7.4880+02 1.2816+04 7,3243+02 3.0326+04
69 7,7269+02 7.4647+02 7.4868+02 1.2832+04 7.3372+02 3.0359+04

70 7.4399+02 7.2032+02 7.2236+02 1.2151+04 7.21914+02 2.8659+04
71 7,4432+02 7.2037+02 7.2241+02 1.2122+04 7.2094+02 2o8510+04

72 7.4414+02 7.2032+02 7.2236+02 1.2185+04 7.2694+02 2.8700+04

1.2416+04

1.2368+04

1.2368+04

7.0826+02
7.0830+02
7.0821+02

7.3293+02
7.3299+02
7.3284+02

7.2743+02
7.2489+02
7.2687+02

7.1080+02
7.1083+02
7.1074+02

73
74
75

2.9612+04

2.9488+04

2.9536+04

76 7'3543+02 7.0927+02 7.I192+02 1.2666+04 7.4231+02 3.0040+04
77 7.3561+02 7.0943+02 7.1206+02 1.2604+04 7.3817+02 2.9835+04
78 7.3555+02 7.0936+02 7,1199+02 1.2621+04 7.3927+02 2.9911+04

79 7'4050+02 7.1347+02 7.1616+02 1.2788+04 7.4350+02 3.0020+04
80 7.4054+02 7.1328+02 7.1597+02 1.2782+04 7,3905+02 3.0036+04
81 7,4060+02 7.1342+02 7.1612+02 1.2830+04 7.4212+02 3.0116+04

7.2505+02
7.2510+02
7.2519+02

7.2219+02
7.2224+02
7.2232+02

7.590t+02
7.6444+02
7.6245+02

82
83

84

1.3541+04

1.3608+04

1.3625+04

7.5101+02

7.5090+02
7,5111+02

3.1764+04

3.1892+04

3.1921+04

85 7.3939+02 7.3328+02 7.3404+02 5.0095+03 6.9003+02 1.1212+04
86 7.3961+02 7.3346+02 7.3422+02 5.0210+03 6.8772+02 1.1201+04

87 7.3954+02 7.3341+02 7.3417+02 5.0025+03 6.8819+02 1.1176+04

88 7.3793+02 7.3336+02 7.3399+02 4.6725+03 6.7713+02 9.9489+03

89 7.3798+02 7.3335+02 7.3398+02 4.6611+03 6,7251+02 9.9547+03

90 7.3804+02 7.3339+02 7.3402+02 4,6573+03 6.7123+02 9.9566+03
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LIQUID-LIQUID RUNS CORRECTED K FLOW

91
92

93

94
95
96

97
98
99

1oo
101
102

103
104

105

106

107

108

109

llO

359
TK2

7.4280+02
7,4276+02
7.4259+02

7.9138+02

7,9148+02
7.91#7+02

8_0191+02

8,0768+02

8.1678+02

8.1682+02
8.1668+02
8.2108+02

8.2117+02

8.2113+02

8,3152+02

8.3162+02

8.3158+02
8.4054+02

361
TNAI

7.3904+02

7.3900+02
7.3889+02

7.7511+02

7.7482+02

7.7502+02

7.8493+02
7.8980+02

7.9756+02

7.9748+02

7.9729+02

8.0148+02

8.0164+02

8.0154+02

8.1215+02

8.1205+02

8.1214+02
8.2132+02

8.4060+02 8.2146+02
8.4055+02 8.2118+02

363 364 366

TNA2 QK Ol

7,3959+02 4.6946+03 6.6159+02

7.3955+02 4.6979+03 6.6135+02
7.3943+02 4.6913+03 6.6574+02

7.8198+02

7.8176+02

7.8192+02

7.9193+02
7.9704+02

8.0510+02

8.0502+02
8.0484+02
8.0923+02

8.0939+02
8.0930+02

8.2018+02

8.2012+02
8.2023+02

8.2966+02

8.2980+02
8.2955+02

7.2071+03 5.8290+02

7.1759+03 5.7413+02

7.1947+03 5.7882+02

7. 1207+03

7.0233+03

7.0484+03

5.7490*02
5.7586+02
5.6750+02

7.0231+03
6.9893+03
7.1400+03

5.6440+02
5.6305+02
5.8517+02

7.1735+03
7.1687+03
7.0626+03

5.8759+02
5.8668+02
5.8738+02

7.0720+03

7. 1276+03
7. 3437+03

5.8417+02

5.9014+02

6.2252+02

7.3890+03 6.2618+02
7.3206+03 6.1931+02

369
Q/All

9.4146+03

9.4290+03
9.4139+03

1.5783+04

1.5834+04

1.5811+04

1.5720+04
1.5650+04
1.5874+04

1.5863+04

1.5862+04
1.6111+04

1.6143+04
1.6161+04

1.5603+04

1.5664+04

1.5751+04
1.6035+04

1.6081+04

1.6062+04

231



LIQUID-LIQUID RUNSCORRECTEDK FLOW

370 379 381 385
Q/AI2 NRENA1 NRE K1 NPRNA1

I 1.7783+04 2.1634+04 8.2370+04 5.3050-03
2 1.7687+04 2.1642+04 8.2367+04 5.3035-03
3 1.7685+04 2.1638÷04 8.2356÷04 5.3044-03

4 1.6893÷04 2.1663÷04 7.9621+04 5,3069-03
5 1,6830÷04 2.1657÷04 7.9602÷04 5.3081"03
6 1.6800+04 2.1660+04 7.9600+04 5.3075-03

7 1.5720+04 2.1295+04 7.3125+04 5.3561-03
8 1.5696+04 2.1296+04 7.3121+04 5.3560-03
9 1,5785+04 2.1295+04 7.3124+04 5.3562-03

10 1.4961+04 2.1145+04 6.6750+04 5.3899-03
11 1.5001+04 2.1145+04 6.6759+04 5.3899-03
12 1.5036+04 2.1142+04 6.6752÷04 5.3905-03

13 1.2229+04 2.1240+04 6.0893+04 5.3675-03
14 1.2233+04 2.I242+04 6.0897+04 5.3671-03
15 1.2239+04 2.1242+04 6.0897÷04 5.3671-03

16 1.1677+04 2.1155+04 5.6161+04 5.3704-03

17 1.1684+04 2.1160+04 5.6168+04 5.3695-03

18 1.1690+04 2.1155+04 5.6164+04 5.3704-03

19 1,0996+04 2.1240+04 5.0379+04 5.3770-03

20 1.1032+04 2.1234+04 5.0374+04 5.3782-03

21 1.1043+04 2.1236+04 5.0381+04 5.3778-03

22 9.9329+03 2.1010+04 4.3333+04 5.3881-03
23 9.9392+03 2.1007+04 4.3329+04 5.3885-03

24 9.9205+03 2.1009+04 4.3328+04 5.3883-03

25 9.2261+03 2.0924+04 3.9166+04 5.3991-03

26 9.2419+03 2.0922+04 3.9166+04 5.3994-03

27 9.1966+03 2.0928+04 3.9168+04 5.3982-03

28 7.8139+03 2.1039+04 3.2713+04 5.4194-03
29 7.8220+03 2.1039+04 3.2714+04 5.4194-03

30 7.8340+03 2.1036+04 3.2711+04 5.4200-03

387
NPR K1

4.2692-03
4.2694-03
4.2698-03

4.2761-03
4.2768-03
4.2769-03

4.3150-03

4.3151-03

4.3150-03

4.3400-03

4.3396-03

4.3400-03

4.3410-03
4.3408-03
4.3408-03

4.3431-03
4.3427-03
4.3429-03

4.3477-03
4,3481-03
6.3477-03

4.3555-03

4.3558-03

4.3559-03

6.3636-03

4.3636-03
6.3636-03

6. 3806-03
6. 3803-03
6. 3805-03

388
NPENAI

1.1677+02
1.1478+02
1.1477+02

1.1696+02

1.1496+02

1.1496+02

1.1606+02

1.1406+02

1.1606+02

1.1397+02
1.1397+02
1.1396t02

1.1401+02
1.1401+02
1.1401+02

1.1361+02
1.1362+02
1.1361+02

1.1421+02
1.1620+02
1.1420+02

1.1320+02
1.1320+02
1.1320+02

1.1297+02
1.129?+02
1.1297+02

1.1402+02

1.1402+02
1.1402+02

232



LIQUID-LIQUID RUNS CORRECTEO K FLOW

31
32
33

34
35
36

370 379
Q/AI2 NREN61

8.1714+03 2.8674+04
8,2302+03 2.8672+04
8.1913+03 2.8675÷04

8.8695+03 2.8832÷04
8.8935+03 2.8828+04
8.8246÷03 2.8832+04

381 385 387
NRE K1 NPRNAI NPR KI

3.7313÷04 5.3704-03 4.3540-03
3.7320+04 5.3707-03 4.3534-03
3.7318+04 5.3702"03 4.3536-03

4.0742÷04
4.0743+04
4.0738+04

5. 3529-03
5.3535-03
5. 3529-03

4.3399-03
4.3399-03
4.3402-03

388
NPENAI

1.5399+02

1.5399+02

1.5399*02

1.5434+02
1.5433+02
1.5434÷02

37_ 9.6323÷03 2.8986*04 4.6805+04 5.3340-03 4,3276-03 1.5461+02
38 9.6401_03 2.8985+04 4.6808+04 5.334I'03 6.3273-03 1.5461+02
39 9.6141+03 2.8989+04 4.6808+04 5.3335-03 4.3273-03 1.5461+02

40 1.0519+04 2.9055+04 5.4140+04 5.3051-03 4.3066-03 1.5414+02

41 1.0553+04 2.9056+04 5.4150+04 5.3049-03 4.3060-03 1.5414+02
42 1.0546+04 2.9061+04 5.4153+04 5.3041-03 4.3059-03 1.5414+02

43 1.1014+04 2.9415+04 6.0042+04 5.2536-03 4.2716-03 1.5453+02
44 1.1053+041 2.9414+04 6.0052+04 5.2538-03 4.2711-03 1.5453+02

45 1.1031+04 2.9418+04 6.0053+04 5.2531-03 4.2711-03 1.5454+02

46
47
48

1.1388+04

1.1392+04 1

1,1399+04

2.9882÷04
2.9881,041
2.9879+04

3.0187+04

3.0189+04

3.0190+04

6.5721+04

6.5716+04

6o5717+04

7.3167+04
7.3162+04
7.3172+04

7.9397+04
7.9414+04
7.9416+04

8.3420+04

8.3417+04

8.3416+04

8.3825+04

8.3829+04

8.3810+04

49 1.2585+04

50 1.2559+04

51 1.2573+04

5. 1963-03

5. 1963-03

5. 1967-03

5.1710-03

5.1706-03

5.1706-03

5.1250-03

5. 1244-03

5. 1244-03

5.0894"03
5.0891-03
5.0892-03

5.0728-03
5.0729-03
5.0730-03

52 1.3116+04 3.0491+04
53 1.3160+04 3.0495+04
54 1.3154+04 3.0496+04

4. 2312"03

4.2315-03

4.2314-03

4.2095-03
4.2097-03
4.2093-03

4.1764-03
4.1757-03

4.1756-03

4.1411-03

4.1412-03

4.1413-03

4.0807-03
4.0805-03

4.0812-03

55 1.3454+04 3.0440÷04
56 1.3381+04 3.0442+04
57 1.3395+04 3.0442+04

58 1.9677+04 3.0380+04
59 1.9684+04 3.0378*04
60 1.9648+04 3.0377+04

1.5527+02

1.5527+02

1.5527+02

1.5610+02

1.5610+02

1.5610+02

1.5627+02
1.5627+02

1.5627+02

1.5492+02

1.5492+02

1.5492+02

1.5411+02

1.5411+02

1.5411+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

370 379 381 385 38? 388

Q/AI2 NRENAI NRE K1 NPRNA1 NPR K1 NPENA[

61 1.8908+04 3.0329+04 7.9483÷04 5.0766-03 4.0846-03 1o5397+02

62 1,8887+04 3.0330+04 7°9477÷04 5.0765-03 4.0848-03 1.5397+02

63 1.8913+04 3.0329+04 7.9477+04 5.0766-03 4.0848-03 1.5397+02

64 1.8299+04 3.0520+04 7.3812+04 5.0927-03 4.0971-03 1.5543+02

65 1.8270+04 3.0521+04 7.3823+04 5.0925-03 4.0966-03 1.5543+02

66 1.8300+04 3,0521+D4 7,3822+04 5.0925-03 400967-03 1,5543+02

67 1.7652+04 2.9873+04 6.5350+04 5.1425-03 4.1379-03 1.5362+02

68 1.7610+04 2.9871+04 6.5338+04 5.1428-03 4,1385-03 1.5362+02

69 1.7612+04 2.9866+04 6.5327+04 5.1434-03 4.1390-03 1.5361+02

70 1.5775+04 2.8956+04 5.6456+04 5.2719-03 4.2376-03 1.5265+02

71 1.5799+04 2.8958+04 5.6475+04 5.2717-03 4.2366-03 1.5266+02

72 1.5826+04 2.8956+04 5.6468+04 5.2719-03 4.2370-03 1.5265+02

73 1,6097+04 2.3476+04 5.5847+04 5.3308-03 4.2745-03 1.2515+02

74 1.6064+04 2.3477+04 5.5848+04 5.3306-03 4.2745-03 102515+02

75 1.6064+04 2.3475+04 5.5839+04 5.3310-03 4_2749-03 1.2515+02

76 1.7451+04 2.3608+04 6.5463+04 5.3258-03 4°2718-03 1.2573+02

77 1.7384+04 2.3612+04 6.5470+04 5.3251-03 4.2715-03 1.2573+02

78 I°7414+04 2.3610+04 6.5468+04 5.3254-03 4.2716-03 1.2573+02

79 1,8097+04 2.3746÷04 7.1684+04 5.3054-03 4.2576-03 1.2598+02

80 1.8162+04 2.3741+04 7.1689+04 5.3063-03 4.2574-03 1.2598+02

81 1.8172+04 2.3745+04 7.1696+04 5.3056-03 4.2571-03 1.2598+02

82 1.9705+04 2.4212+04 7.9683+04 5.2628-03 4.2223-03 1.2742+02

83 1.9717÷04 2.4214+D4 7.9675+04 5.2626-03 4.2226-03 1.2743+02

84 1.9763+04 2.4216+04 7o9719+04 5.2621-03 4.2218-03 1o2743+02

85 3.6959+03 2.4663+0_ 2.7035+04 5.2084-03 4.2726-03 1.2846+02:

86 3.7061+03 2.4668+04 2.7042+04 5.2075-03 4.2718-03 1.2846+02

87 3.6951+03 2.4667+04 2.7039+04 5.2077-03 4.2721-03 1.2846+02

88 2.6674+03 2.4544+04 2.2053+04 5.2080-03 4.2777-03 1.2783+02

89 2.6931+03 2.4544+04 2.2055+04 5.2081-03 4°2773-03 1.2783+02

90 2.7003+03 2.4545+04 2.2057+04 5.2079-03 4.2771-03 1.2783+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

91
92
93

370

QIAI2

2.1210+03

2.1254+03
2.1011+03

94 _ 5.4764+03
95 5.5823+03
96 5.5268÷03

97 5.7376+03
98 6,1277+03
99 6.6287+03

100 6.6557+03
101 6.6695+03
102 6.9351+03

379
NRENAI

2.5119+04
2.51117+04
2,5114+04

4.1228e03
4.1217+03
4.1224+03

4.1623+03

4,1453+03

4.1841+03

4.1838+03
4.1831_03
4.2043+03

381
NRE KI

1,;8974+04
1.8974+04
1.8969+04

3.8774+04
3.8782*04
3.8780÷04

4.1513+04

4.7686÷04
5.3242+04

5.3245+04
5.3238+04
6.0589+04

385
NPRNAI

5.1800-03
5.1802.03
5.1808-03

5.0388-03
5.0398-03
5.0391"03

5.0058-03
4.9893-03
4.9632-03

4.9634-03
4.9641-03
4.9504-03

103 6.9246+03 4.2049+03 6.0595+04 4.9499-03
104 6.9413+03 4.2045+03 6,0593+04 4.9502-03
105 6.6614+03 3.9550+03 6.5128+04 4.9180-03

387
NPR KI

4.2596-03
4.2597-03
4,2605-03

4.0905-03
4.0900-03
4. 0901-03

4.0651"03
4.0532-03
4.0315-03

4.0314_03
4.0317-03
4.0226-03

4.0224-03
4.0224-03
3.9978-03

388
NPENAI

1.3012+02

1.3011+02

1.3011+02

2.0774+01

2.0772+01

2.0773+01

2.0836+01
2.0682{01
2.0766+01

2.0766+01
2.0765+01
2.0813+01

2.0814+01
2.0813+01

1.9451+01

106 6.7186+03 3.9546+03 6.5137+04 4.9183-03 3.9974-03 1.9450+01
107 6.6978+03 3.9549+03 6.5135+04 4.9181-03 3.9975-03 1.9450+01

108 6.7728+03 3.9288+03 7.3938+04 4.8900-03 3.9763-03 1.9212+01

109 6.7578+03 3.9293+03 7.3943+04 4.8896-03 3.9762"03 1.9213+01
II0 6.8147+03 3.9283+03 7.3941+04 4.8905-03 3.9762-03 1.9211+01

235



LIQUID-LIQUID RUNS CORRECTED K FLOW

389

NPE KI

1 3.5166+02

2 3.5165+02

3 3.5164+02

4 3.4047+02

5 3.4045+02

6 3.4044+02

7 3.1553+02

8 3.1553+02
9 3.1553÷02

I0 2.8970+02

II 2.8971+02

I2 2.8970+02

13 2.6434+02

I4 2.6434+02

15 2.6434+02

16 2.4391+02

I7 2.4392÷02

18 2.4392+02

19 2.1904+02

20 2.1903+02

21 2.1904+02

22 1.8874+02
23 1.8873+02

24 1.8873+02

25 1.7090+02

26 1.7090+02

27 1.7091+02

28 1.4330+02

29 1.4330+02

30 1.432g+02

398 400 703 705 706
NRENA2 NRE K2 NPRNA2 NPR K2 NPENA2

2.1705+04 8.1360+04 5.2911-03 4.3078-03 1.I484+02

2.1713+04 8.1361+04 5.2896-03 4.3078-03 1.1485+02

2.I708+04 8.1351+04 5.2905-03 4.3082-03 1.1485+02

2.1731+04 7.8657+04 5.2936-03 4.3142-03 1.1503÷02

2.I724+04 7.8645÷04 5.2948-03 4o3147-03 1oi503+02

2.I727+04 7.8643+04 5°2943=03 4.3148-03 I.I503+02

2.1358+04 7.2240+04 5.3436-03 4.3533-03 1.1413÷02

2.1358+04 7.2237+04 5.3435-03 4.3534-03 I.I413+02

2.I358+04 7.2233+04 5.3436-03 4.3536-03 1.1413+02

2.1204+04 6.5906+04 5.3778-03 4.3802-03 1.1403+02

2.I205+04 6.5913+04 5.3777-03 4.3799-03 1.1403+02
2.1202+04 6.5904+04 5.3783-03 4.3804-03 1.1403+02

2.1291+04 6.0187+04 5.3573-03 4.3778-03 1.1406+02

2.1292+04 6.0190+04 5.3569-03 4.3777-03 1.I406+02

2.1293+04 6.0189+04 5.3569-03 4.3777-03 1.1406+02

2.1204+04 5.5476+04 5.3605-03 4.3819-03 1.1366+02

2.1209+04 5.5480+04 5.3595-03 4.3817-03 1.1367+02

2.1204+04 5.5478+04 5.3605-03 4.3818-03 1o1366+02

2.1287+04 4.9715+04 5.3674-03 4.3898-03 1.1426+02

2.1282+04 4.9708+04 5.3686-03 4.3902-03 1.1425+02

2.1284+04 4.9714+04 5.3682-03 4.3898-03 1.1425+02

2.1054+04 4.2711+04 5.3789-03 4.4013-03 1.1325+02

2.I052+04 4.2706+04 5.3794-03 4.4017-03 I.I325+02

2. I053+04 4.2705+04 5.3791-03 4.4018-03 I.I325+02

2.0966+04 3.8570+04 5.3903-03 4.4122-03 1.1301+02

2.0965+04 3°8569+04 5.3906=03 4.4123-03 1.1301+02

2.0970+04 3.8572+04 5.3894-03 4.4121-03 1.1302+02

2.1078+04 3.2175+04 5.4115-03 4.4332-03 1.1406+02

2.1078+04 3.2176+04 5.4115-03 4.4331-03 1.1406+02

2.1075+04 3.2173+04 5.4121-03 4.4333-03 1.1406+02
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LIQUID-LIQUID RUNS CORRECTEO K FLOg

31

32

33

34
35
36

389 398
NPE K[ NRENA2

1.6246+02 2.8713+04
1.6247+02 2.871I+04
1o6247÷02 2.8715+04

1.7682+02
1.7682+02
1.7681+02

2.8873+04
2.8870+04
2.8873+04

37 2.0255÷02 2.9029÷04
38 2,0256+02 2.9028+04
39 2.0256+02 2.9032+04

400 703 705 706
NRE K2 NPRNA2 NPR K2 NPENA2

3.6765+04 5.3645-03 4.4009-03 1.5403+02
3.6770+04 5.3648-03 4.4005-03 1.5403+02
3.6769+04 5.3643-03 4.4006-03 1.5403+02

4.0167+04
4.0168+04
4.0167+04

4.6205+04
4.6211+04
4.6211+04

5.3468-03
5.3473-03
5.3468-03

5.3276-03
l-5 . 3278-03
5.3272-03

4.3849-03
4. 3848-03
4. 3848-03

4.3682-03
4.3678-03
4.3678-03

1.5438+02
1.5438+02
1.5438+02

1.5466+02
1.5465+02
1.5466+02

40 2.3316+02 2,9100+04 5.3508+04 5.2984-03 4.3436-03 1.5418+02
41 2.3317÷02 2.9102+04 5.3516+04 5.2982-03 4.3430-03 1.5419+02
42 2.3318+02 2.9107+04 5.3517+04 5.2974-03 4.3430-03 1.5419÷02

5.9376÷04
5.9386+04
5.9386+04

6.5031.+04
6.50254 04
6.5026+04

43
44

45

2.9463+04
2.9461+04
2.9466+04

5.2468-03
5.2469-03
5.2462-03

5.1.893-03
5.1893-03
5.1897-03

5.1635-03
5. 1631-03
5. 1630-03

5.1.172-03
5.1166-03

5.1165-03

2.5648+02
2.5649+02
2.5649+02

46 2.7808+02 2.9931+04
47 2;7808+02 2.9931+04
48 2.7808_02 2.9928+04

49 3.0800÷02 3.0242+04
50 3.0799+02 3.0244+04
51 3.0800+02 3°0245+04

52 3,3159+02 3°0549+04
53 3,3161+02 3.0553+04
54 3.3161.+02 3.0554+04

4. 3064-03
4. 3059-03
4.3059-03

4.2640-03
4.2643-03
4.2642-03

4.2418-03
4.2420-03
4.241.5-03

4.2075-03
4°2070-03
4.2069-03

7.2407+04
7.2402+04
7.2413+04

7.8598+04
7.861.1+04
7.8614+04

1 • 5458+02
1.5458+02
1.5459+02

1..5532+02
1..5532÷02
1.5532+02

1..5615÷02
1.5615+02
1.5615+02

1..5632÷02
1..5633÷02
1.5633+02

55 3.4545+02 3.0483+04 8.2586+04 5.0840-03 4.1718-03 1.5497+02
56 3.4545+02 3.0485+04 8.2588+04 5.0837-03 4.1718-03 1.5498+02
57 3.4545+02 3.0484+04 8.2586+04 5.0838-03 4.I718-03 1..5498+02

5.0648-03
5.0650-03
5.0651.-03

4.1201-03
4.1199-03
4.1207-03

58 3.4206+02 3.0442+04
59 3.4207+02 3.0441.+04
60 3.4204+02 3.0440+04

8.2697+04
8.2702+04
8.2679+04

1.5418+02
1.5418+02
1..5418+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

61
62
63

389 398 400 70

NPE K1 NRENA2 NRE K2 NPRNA

3.2466+02 3,0389+04 7,8362+04_._689-03

3,2465+02 3,0390+04 7,8354+04 5,0688-03

3,2465+02 3,0390+04 7,8352+04 5,0689-03

64 3.0242+02 3.0579+04 7.2636+04 5.0852-03
65 3.0243+02 3.0580+04 7.2651+04 5.0851-03
66 3.0243+02 3.0580+04 7.2647+04 5.0851-03

67 2.7041+02 2.9952+04 6.4223+04 5.1316-03
68 2.7040+02 2.9950+04 6.4214+04 5.1319-03
69 2.7039+02 2.9945+04 6.4202+04 5.1325-03

70 2.3924+02 2.9024+04 5.5486+04 5.2620-03
71 2.3926+02 2.9026+04 5.5506+04 5.2617-03
72 2.3925+02 2.9024+04 5.5494+04 5.2619-03

73 2.3872+02 2.3544+04 5.4874+04 5.3184-03
74 2.3872+02 2.3545+04 5.4878+04 5.3182-03
75 2.3871+02 2.3543+04 5.4868+04 5.3187-03

76 2,7965+02 2.3679+04 6.4442+04 5.3130-03
77 2.7966+02 2.3683+04 6.4455+04 5.3123-03
78 2.7965+02 2.3681+04 6.4451+04 5.3126-03

79 3.0521+02 2.3819+04 7.0636+04 5.2923-03
80 3.0521+02 2.3814+04 7.0639+04 5.2932-03
81 3.0522+02 2.3818+04 7.0644+04 5.2925-03

82 3.3645+02 2.4292+04 7.8532+04 5.2488-03
83 3.3644+02 2.4294+04 7.8522+04 5.2485-03
84 3.3656+02 2.4297+04 7.8563+04 5.2481-03

85 1.1551+02 2.4685+04 2.6736+04 5.2047-03
86 1.1552+02 2.4691+04 2.6742+04 5.2038-03
87 1,1551+02 2,4689+04 2,6740+04 5,2040-03

88 9.4334+01 2.4562÷04 2.1809+04 5.2049-03
89 9.4337+01 2.4562+04 2.1810+04 5.2050-03
90 9.4339+01 2.4563+04 2.1812+04 5.2048-03

3 705

2 NPR K2

4.1265-03

4,1268-03

4,1269-03

4.1459-03
4.1453-03
4.1455-03

4,1912-03

4o1916-03

4,1922-03

4.2916-03
4.2905-03

4.2911-03

4.3295-03
4.3293-03
4.3299-03

4.3210-03

4. 3204-03

4.3206-03

4.3036-03

4.3035-03

4.3033-03

4.2675-03
4.2679-03
4.2671-03

4.3074-03
4.3067-03
4.3069-03

4.3125-03
4.3123-03

4.3121-03

706

NPENA2
I. 5'_'B'L _'-
1.5404+02
I. 5404+02

1.5550+02
1.5550+02
1.5550+02

1.5370+02

1.5370+02

1.5369+02

1.5272+02
1.5273+02

1.5272+02

1.2522+02
1.2522+02
1.2522+02

1.2580+02
1.2581+02
1.2581+02

1.2606+02
1.2605+02
1.2606+02

1.2751+02
1.2751+02
1.2751+02

1.2848+02
1.2848+02
1.2848+02

1.2784+02
1.2784+02
1.2784+02
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LIQUID_LIQUID RUNS CORRECTED K FLOW

389
NPE KI

91 8.0824+0I
92 8,0826+01
93 8.Q818+01

941.5861+02
95 1,5862+02
96 1.5861+02 1

97 1,6876+02
98 1.9328+02
99 2,1464+02

100 2,1465+02

IOl 2.1464+02
102 2.4373+02

103 2.43?3+02
104 2,4373+021
105 2.6037+02

106 2.6038+02
107 2,6038+02

108 2.9400+02

I09 2.9401+02

II0 2.9401+02

398 _ 400 _ 703
NRENA2 NRE K2 NPRNA2

2.5135+04 1.8756+04 5.1773-03
2,5134+04 1.8755+04 5.1775-03
2.5130+04 1.8752÷04 5.1781-03

4.1477+03
4.1468+03
4.1474+03

4.1881+03
4. 1720+03
4.2124+03

3.8310+04
3.8314+04
3.8314+04

5.0157-03
5.0164-03
5.0159-03

4.1117+04

4.7277+04
5.2807+04

4.9822-03
4.9649-03
4.9395-03

4.2121+03
4.2114+03
4.2336+03

4.2342+03
4.2339+03
3.9838+03

5.2809+04
5.2803+04
6.0139+04

6.0144+04
6.0142+04
6.4685+04

4.9397-03
4.9402-03
4.9269-03

4.9264-03
4.9267-03
4.8935-03

3.9836+03
3.9840+03
3.9589+03

6.4692+04
6.4689+04
7.3477+04

4.8937-03
4.8934.03
4.8645-03

3.9594+03 7.348I+04 4.8640-03
3.9585+03 7.3478+06 4.8648-03

705
NPR K2

4.2957-03
4,2959-03
4.2965-03

6,1265-03

4.1261-03
4.1262-03

4.0912-03
6.0767-03
4.0537-03

4.0536-03
4.0540-03
4.0428-03

4.0426-03
4.0427-03
4.0162-03

4.0160-03
4.0161-03
3.9931-o3

3.9930-03
3.9931-03

706
NPENA2

1.3013+02
1.3013+02
1.3013+02

2.0803+01

2.0802+01

2.0803+01

2.0866+01

2.0713+01

2.0807+01

2.0806+01

2.0805+01

2.0859+01

2.0860+01

2.0859+01
1.9495+01

1.9495+01

1.9495+01

1.9258+01

1.9259+01

1.9257+01
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LIQUID-LIQUID RUNS CORRECTED K FLOW

707 405 406 408

NPE K2 DTW I OTW 2 QNA

1 3.5048+02 2.1697+01 1.3449+01 9.5902+03
2 3.5048+02 2.1664+01 1.3376+01 9.2082+03
3 3.5047+02 2.1627+01 1.3375+01 9.4876÷03

418

QL

1.1065+03

1.1061+03

1.1064+03

419

QL+QNA
1.0697+04

1.0314+04

1.0594+04

4 3.3934+02 2.0969+01 1.2777+01 8.9733+03 1.1029+03 1.0076+04

5 3.3933+02 2.0802+01 1.2731+01 9.1693+03 1.1028+03 1.0272+04

6 3'3933+02 2.0807+01 1.2708+01 8.9547+03 1.1029+03 1.0058+04

7 3.1448+02 1.9985+01 1.1910+01 8.8006+03 1.0720+03 9.8726+03

8 3.1448+02 1.9961+01 1.1893+01 8.6240+03 1.0717+03 9.6956+03

9 3.1447+02 2.0153+01 1.1959+01 8.5136+03 1.0716+03 9.5852+03

I0 2.8869+02 1.9692+01 1.1349+01 8.5482+03 1.0505+03 9.5987+03

II 2.8869+02 1.9728+01 1.1379+01 8.3419+03 1.0505+03 9.3924+03
12 2.8868+02 1.9805+01 1.1405+01 8.4265+03 1.0502+03 9.4767+03

13 2.6349+02 1.6788+01 9.2723+00 6.6962+03 1.0572+03 7.7534+03

14 2.6349+02 1.6817+01 9.2752+00 6.5190+03 1.0575+03 7.5764+03

15 2.6349+02 1.6843+01 9.2797+00 6.4632+03 1.0574+03 7.5206+03

16 2.4309+02 1.6596+01 8.8549+00 6.6076+03 1.0553+03 7.6629+03

17 2,4309+02 1.6690+01 8.8595+00 6.4484+03 1.0550+03 7.5035+03

18 2.4309+02 1.6602+01 8.8642+00 6.7372+03 1.0551+03 7.7924+03

19 2.1824+02 1.6590+01 8.3409+00 6.2455+03 1.0490+03 7.2945+03

20 2.1823+02 1.6582+01 8.3682+00 6.6121+03 1.0488+03 7.6609+03

21 2.1824+02 1.6589+01 8.3767+00 6.4430+03 1.0488+03 7.4918+03

22 1.8798+02 1.6153+01 7.5376+00 6.4212+03 1.0425+03 7.4637+03
23 1.8798+02 1.6173+01 7.5425+00 6.4679+03 1.0425+03 7.5104+03

24 1.8798+02 1.6202+01 7.5283+00 6.4679+03 1.0423+03 7.5102+03

25 1.7018+02 1.6020+01 7.0042+00 6.3853+03 1.0353+03 7.4206+03

26 1.7018+02 1.6026+01 7.0161+00 6.4877+03 1.0352+03 7°5229+03

27 1.7018+02 1.6051+01 6.9816+00 6.0409+03 1.0351+03 700759+03

28 1.4264+02 1.5475+01 5.9365+00 6.2192+03 1.0245+03 7°2437+03

29 1.4264+02 1.5478+01 5.9426+00 6.2004+03 1.0245+03 7.2249+03
30 1.4264+02 1.5464+01 5.9520+00 6.4356+03 1.0241+03 7.4598+03
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LIQUID-LIqUID RUNS CORRECTEO K FLOW

31
32
33

707
NPE K2

1.6180+02
1.6180÷02
1.6180+02

34 1.7613+02
35 1.7613+02
36 1.7613+02

37
38

39

40
41
42

2.0184+02
2.0184÷02
2.0184+02

2,3241+02
2.3242+02
2.3242+02

43 2,5570+02
44 2.5571+02
45 2.5571"02

405 406 408
OTWI1 DTWI2 QNA

1.4967+01 6.1991÷00 4.4543÷03
1.4955+01 6,2439÷00 4°7326÷03
1o4990+0t 6.2142+00 4.4538+03

1.5046+01
1.4968+01
1.4898+0t

1.4915+01

1.4807+01
1.483#_01

1.4908÷01
1.4915+01
1.4992+0t

1.5065+01
1.5038+01
1.5080+01

6.7244+00
6.7428+00
6. 6906+00

4.4865÷03
4.7388÷03
4.6868t03

7.2978+00
7.3040+00
7.2841+00

4.3869+03
4.6132.03
4.3995+03

7.7616+00
7.9874+00
7.9819+00_

4.6268÷03
4.5768+03
4.4267+03

8,3229+00
8.3517+00
8.3351+00

4.4091+03
4.6714+03
4.3966+03

418
QL

1.0530+03
1.0537+03
1.0003+03

419

QL÷QNA

5.5073+03
5.7864+03
5.4541_03

1.0665+03
1.0663+03
1.0671+03

5.5530÷03
5.8051+03
5.7539t03

1,0785+03 5.4654+03
1.0791+03 _ 5.6923+03
1,0790÷03:5.4785+03

1.0953+03
1.0954+03
1.0958e03

5.7221+03
5.6722+03
5.5225+03

1. I218+03
1.1221+03
1.1222+03

5.5309+03
5.7935+03
5.5188+03

46 2.7729+02 1.4876+01 8,5891+00 4.3742+03 1.1531+03 5.5273÷03
47 2.7729+02 1.4929+01 8.5922+00 4.3368+03 1.1530+03 5.4898*03
48 2'7729+02 1.4890+01 8.5977+00 4.4743+03 1.1529+03 5.6272+03

49 3.0714÷02 1.5881+01 9.4841+00 4.8534÷03 1.1679÷03 6.0212+03
50 3.0713+02 1.5900+01 9.4640+00 4.8909+03 1.1682+03 6.0592+03
51 3.0714+02 1.5865+01 9.4750+00 4.9536+03 1.1683+03 6.1219+03

52 3.3070+02 1.6124+01 9.8699+00 5.2450+03 1.1960+03 6.4410+03
53 3.3072+02 1.6191+01 9.9031+00 5.1069+03 1.1960+03 6.3028+03
54 3.3072+02 1.6170+01 9.8979+00 5.1189+03 1.1961+03 6.3150+03

55 3,4454+02
56 3.4454+02
57 3.4454+02

1.6305+01
1.6201+01
1.6230+01

2.3473+01
2.3439+01
2.3466+01

1.OllO+Ol

I .0055+01

1.0065+01

5.5287+03
5.4429+03
5,5532+03

1.4767+01

1.4772+01

1.4745+01

1.0591+04

1.0542+04

1.0591+04

58 3.4072+02

59 3.4072+02
60 3.4070+02

1.2219+03
1.2217+03

1.2218+03

6.7507+03
6.6646+03
6.7749+03

1.2416+03

1.2414+03

1.2415+03

1.1832÷04

1.1784+04

1.1833+04

241



LIQUID-LIQUID RUNS CORRECTED K FLOW

61
62
63

707 405 406 408

NPE K2 DTW I DTW 2 QNA

3.2336+02 2.2846+01 1,4193+01 1.0111+04
3.2335+02 2.2865+01 1.4177+01 1.0062+0#

3,2335+02 2.2909+01 1,4196+01 9.9893+03

64 3.0115+02 2.2681+01

65 3,0116+02 2.2570+01

66 3'0116+02 2.2649+01

67
68
69

2.6917+02 2.2853+01
2.6916+02 2.2801+01

2.6915+02 2.2827+01

70 2,3812+02 2.1638+01

71 2.3815+02 2.1526+01

72 2.3813+02 2.1669+01

73 2.3758+02

7# 2.3758+02

75 2,3757+02

76
77
78

2,7845+02
2.7847+02

2,7846+02

79 3.0399+02
80 3.0399+02

81 3.0400+02

82 3.3513+02

83 3.3512+02

84 3.3524+02

85 1.1516+02

86 1.1517+02

87 1.1517+02

88 9.4049+01

89 9.4051+01

90 9.4053+01

2.2395+01
2.2302+01

2.2338+01

2.2716+01

2.2559+01

2.2616+01

2.2686+01
2.2698+01
2.2758+01

2.3968+01

2.4064+01

2.4086+01

8.4610+00

8.4523+00

8.4338+00

7.5084+00
7.5127+00

7.5141+00

1.3746+01

1.3724+01

1.3746+01

1.0076+04

9.9773+03
1.0014+04

1.3284+01
1.3252+01
I. 3254+ 01

1.0616+06

1.0567+04

1.0543+04

1. 1923+01
1.1941+01

1.1962+01

8. 5989+03
8. 1789+03
8.4260+03

1.2186+01
1.2161+01
1.2161+01

1.3208+01
1.3157+01
1.3180+01

1.0823+04
1.0751+04

1.0965_04

1.1165+04
1.0889+04
1.1053+04

I, 3689+01

1.3737+01

1.3745+01

1.0548+04

1.0721+04
1.0578+04

1.4882+01
1.4891+01
1.4925+01

1.1696+04
1.1562+04
1.1562+04

2.7907+00
2.7982+00
2.7900+00

2.1629+03

1.8421+03

1.9663+03

2.0142+00
2.0336+00
2.0390+00

1.8948+03

1.9154+03

1.9360+03

418
QL

1.2392+03
1.2392+03
1.2388+03

1.2267+03
1.2271+03
1.2267+03

1.1929+03

1.1926+03

1.1917+03

1.0905+03

1.0906+03

1.0907+03

1.0571+03

1.0571+03

1.0569+03

1.0604+03

1.0604+03

1.0605+03

1.0722+03
1.0725+03
1.0726+03

1.1105+03

1.1104+03
1.1103+03

1.1525+03
1o1523+03
1.1524+03

1.1569+03
1.1570+03
1.1570+03

419

QL+QNA

1.1350+04

1.1301+04

1.1228+04

1.1302+04

1.1204+04

1.1241+04

1.1809+04

1.1760+04

1.1734+04

9.6895+03

9.2695+03

9.5167+03

1.1880+04
1.1808+04

1.2022+04

1.2225+04

1.1949+04

1.2113+04

1.1620+04

1.1794+04

1.1651+04

1.2807+04
1.2673+04
1.2673+04

3.3154+03

2.9944+03

3.1187+03

3.0517+03
3.0724+03

3.0930+03

242



LIQUID-LIQUID RUNS CORRECTED K FLOW

91

92

93

94
95
96

97
98
99

I00

I01
102

103
104

105

106

107

108

Io9
II0

707
NPE K2

8.0571+01
8.0570+01
8.Q566+01

1.5808+02
1,5809+02
1.5809+02

1.6822+02
1.9273+02
2,1407*02

2.1407+02
2,1406+02
2.4313+02

2.4314+02
2.4313+02
2.5979+02

2.5980+02
2.5980+02
2.9340+02

2.9341+02

2.9341+02

405
DTWI

7.0999+00

7.1107+00
7,0991+00

1.1828+01

1.1866+01

1.1869+01

1.1764+01

1.1702_01

1.1854+01

1.1846+01

1.1846+01
1.2024+01

1.2049+01
1.2061+01

I. 1629+01

1.1674+01

1.1739+01

1.1935+01

1.1969+01

1.1955+01

606 408 418 419
DTW_2 QNA QL QL+QNA

1,6004+00 1.2972+03 1.2815+03 2.4787+03
1.6037+00 1.3600÷03 1.2818+03 2.5418+03
1.5854+00 1.6948+03 1.2816+03 2.8763+03

4.1046+00
4.1840+00
6.1425+00

5.7942+03
5.8565+03
5.823.7+03

7.5923+02
7.5948+02
7,5966+02

6.5535+03
6.6159+03
6.5833+03

4.2940+00
4.5820+00
4.9503+00

5.7329+03
5.7100+03
5.8261_03

1.3273+03
1.3438+03
1.3697+03

7.0602+03
7.0538+03
7.2958+03

4.9704+00
4.9808+00
5.1757+00

5.8473*03
5.9027+03
5.9497+03

1.3697+03
1.3694+03
1.3828+03

7.2170+03
7.2720+03
7.3326+03

5.1679+00
5.1804+00
4.9642+00

5.9368+03
5.9612+03
5.6316+03

1.3822+03
1.3826+03

1.4136+03

7.3190+03
7.3438+03
7.0452+03

5.0068+00

4.9913+00

5.0404+00

5.6710+03
5.6967+03
5.7825+03

1.4133+03 7.0843+03
1.4137+03 7.1105+03

1.4414+03 7.2239+03

5.0292+00 5.7779+03 1.4415+03 7.2195+03
5.0717+00 5.8305+03 1.4415+03 7.2720+03

243



LIQUID-LIQUID RUNS CORRECTEO K FLOW

422 442 443 444
DQ PCT TW! 1 TNO I DTK-W1

X 1.3609+01 7.3777+02 7.1608÷02 1o2717+01
2 1.6842+01 7.3780+02 7.1614+02 1.2656+01
3 1.4196+01 7.3772e02 7.1610+02 1.2615+01

4 1.5798+01 7.3632÷02 7.1536+02 1.2184+01
5 1.3271+01 7.3614+02 7.1534+02 1.2149+01
6 1.5279+01 7.3609+02 7.1529#02 1.2174+01

7 1.2705+01 7.2529+02 7.0530+02 1.1907+01
8 1,4320+01 7.2522÷02 7.0526+02 1.1925+01
9 1.6241+01 7.2526÷02 7.0511+02 1.1918+01

10 1.3454+01 7.1797+02 6.9828+02 1.1888+01
11 1.5671+01 7.1796*02 6o9823+02 1.2015+01
12 1.5184+01 7.1787+02 6.9_806+02 1.2013+01

13 1.8214+01 7.1922+02 7.0_44+02 1.0355+01

14 2.0398+01 7.1931+02 7.0249+02 1.0324+01

15 2.1163+01 7.1930+02 7.0246+02 1.0336+01

16 1.7959+01 7.1854+02 7.0195+02 1.0432+01

17 2.0298+01 7.1864+02 7.0195+02 1.0450+01

18 1.6483+01 7.1854+02 7.0194+02 1.0470+01

19 2.1900+01 7.1688+02 7.0029+02 1.0721+01

20 1.7586+01 7.1689+02 7.0031+02 1.0610+01

21 1.9596+01 7.1687+02 7.0028+02 1.0753+01

22 1.7443+01 7.1443+02 6.9827+02 1.0896+01
23 1.6999+01 7.1441+02 6.9824+02 1.0820+01
24 1.7176+01 7.1439+02 6.9819+02 1.0812+01

25 1.7362+01 7.1197+02 6=9594+02 1.0986+01
26 1.6158+01 7,1195+02 6°9592+02 1.0996+01
27 2.1685+01 7.1200+02 6.9595+02 I.I001+01

28 1.7339+0I 7.0712+02 6.9165+02 1o0867+01
29 1.7581+01 7.0721+02 6.9173+02 1.0809+01
30 1.4589+01 7.0714+02 6.9168+02 1.0807+01

445
DTW-N1

2.5357+00
2.2737+00
2.4138+00

2.1931+00
2.4189+00
2.2492+00

2.2546+00
2.1973+00
2.0816+00

2.1866+00
2.1397+00
2.0984+00

1.7211+00
1.7050+00
1°6612+00

1.8369+00

1.6535+00
1.8330+00

1.5454+00

1.8084+00

1.6965+00

1.8076+00
1.8761+00

1.7689+00

Io7501+00

1.7913+00

1.5821+00

1.6639+00

I°7482+00

1.8109+00

446

HKI
2.2575+03
2.2649+03
2.2683+03

2.2766+03
2.2650+03
2.2610+03

2.2167+03
2.2106+03

2.2333+03

2.1853+03

2.1661+03

2.1749+03

2.1396+03

2.1498+03
2.1506+03

2.0994+03

2.1076,+03
2.0925+03

2.0416+03
2.0618+03
2.0353+03

109550+03

1.9712+03

1.9763+03

1.9223+03

1.9213+03

1.9236+03

1.8759+03

1.8865+03
1.8850+03

244



LIQUID-LIQUID RUNS CORRECTED K FLOg

31/
32
33

34
35
36

37
38
39

40
41 _
42

43
44
45

422
DQ:PCT

3.5054+01
3.1495+01

3.5780÷01

3.4580+01
3,1057+01
3,1374÷01

3.5089e0t

3,1729+01
3.4551+01

3.2215+01
3.2879+01
3,5084+01

3.5702+01
3.2363+01
3.5917+01

46 3.5346+01
47 3.6036+01
48 3.4178+01

49 3.4352+01
50 3.3983+01
51 3.3120+01

52 3.1042+01

53 3.2900+01

54 3.2675+01

55 2.8693+01

56 2.9190+01

57 2.8071+01

58 1.1896+01

59 1.2171+01

60 1.1849+01

442
TNI 1

7.1604+02 7
7.1603+02 7
7.1609+02 7

7.1994+02 7
7.1989+02 7
7.1983÷02 7

7.2379+02 7
7.2378+02 7
7.2376+02 7

7,2992÷02 7
7.2999+02 7
7.3009+02 7

7.4044+02 7
7.4052+02 7
7.4059+02 7

7.5209+02 7
7.5213+02 7
7.5207+02 7

7.5821+02 7
7.5825+02 7
7.5831+02 7

7.6784+02 7
7.6790+02 7
7.6793+02 7

7.7782+02 7
7.7779+02 7
7.7784+02 7

7.9172+02 7
7.9172+02 7
7.9166+02 7

443
TWO 1

.0107+02

.0108+02
,0110+02

.0489+02

.0492+02

.0493+02

.0888+02

.0897+02
°0892+02

.1501+02

.1507+02

.1509+02

.2537+02

.2548+02

.2551+02

.372I+02

.3720+02

.3718+02

,4233+02
.4235+02
.4244+02

.5171+02

.5171+02

.5176+02

.6152+02

.6158+02

.6161+02

.6825+02

.6828+02

.6820+02

444
DTK-W1

9.7388+00
9.8988+00
9.7979+00

9.9568+00

1.0010+01

9.9698+00

9.?I12+00
9.8014+00
9.82 I7 +00

9.7116+00
9.8119+00

9.7560÷00

9.3725+00
9.4392+00

9.3734+00

9.3902+00
9.2787+00
9.3476+00

9.5206+00

9.4122+00
9.4806+00

9.3622+00
9.4884+00
9.4804+00

9.4184+00

9.4233+00

9.3586+00

1.4380+01
1.4436+01
1.4239+01

445
DTW-NI

9.7104-01

1.0362+00

9.5441-01

1.1843+00
1.3305+00
1.2174+00

1.2714+00
1.3960+00
1.2302÷00

1.4736+00
1.4932+00
1.3642+00

1.3129+00
1.4582+00
1.3458+00

1.4661+00

1.4655+00

1.5200+00

1.4528+00

1.4013+00

1.4848+00

1.5276+00

1.4028+00

1.4402+00

1.5387+00
1.5205+00
1.5618+00

3.2780+00

3.3599+00

3.3132+00

446
HK1

2.0273+03
1.9931+03

2.0183+03

1.9946+03

1.9738+03

1.9724+03

2.0286+03
1.9953+03
1.9949+03

2.0294+03
2.0097+03

2.0317+03

2.1285+03

2.1095+03

2.1304+03

2.1015+03

2.1344+03

2.1131+03

2.2148+03
2.2431+03
2.2219+03

2.2898+03
2.2688+03
2.2677+03

2.3052+03
2.2892+03
2.3092+03

2.1769+03

2.1653+03

2.1977+03
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LIQUID-LIQUID RUNS CORRECTED K FLOW

61
62
63

422
DQ PCT

1.3039+01
1.3496+01
1.4268+01

64 1.2293+01
65 1.2690+01
66 1.2691+01

67 8.0495+00
68 8.2411+00
69 8.5522+00

70 2.0260+01

71 2.3533+01

72 2.1895+01

73 4.3186+00
74 4.5230+00
75 2,7987+00

76 3.4763+00
77 5.1906+00
78 4.0215+00

79 9.1356+00

80 7,7272+00

81 9.1942+00

82 5.4188+00

83 6.8743+00

84 6.9896+00

85 3.3818+01

86 4.0363+01

87 3.7657+01

88 3.4688+01

89 3.4084+01

90 3.3587+01

442 463
TWI 1 TWO 1

7.9004+02 7.6719+02
7.9002+02 7.6716+02
7.9005+02 7.6714+02

7.8510+02 7.6242+02
7.8515+02 7.6258+02
7.8521+02 7.6256+02

7.7307+02 7.5022+02
7.7294+02 7.5016+02
7.7280+02 7.4998+02

7.4466+02 7.2302+02
7.4452+02 7.2299+02
7.4456+02 7.2289+02

7.3406+02 7.1167+02
7.3397+02 7.1167+02
7.3403+02 7.1169+02

7.3539+02 7.1267+02
7.3538+02 7.1282+02
7.3539+02 7.1277+02

7.3927+02 7.1659+02
7.3936+02 7.1667+02
7.3944+02 7.1669+02

7.4963+02 7.2566+02
7.4968+02 7.2562+02
7.4982+02 7.2573+02

7.4297+02 7.3451+02
7.4308+02 7.3462+02
7.4310+02 7.3467+02

7.4199+02 7.3448+02
7.4204+02 7.3452+02
7.4209+02 7.3458+02

444
DTK-WI

1.4495+01

1.4425+01

1.4391+01

1.4583+01

1.4667+01

1.4594+01

1.5081+01

1.5053+01

1.5041+01

1.4966+01

1.5405+01

1.5248+01

1.4909+01

1.5014+01

1.4816+01

1.4356+01

1.4463+01

1.4429+01

1.4577+01

1.4553+01

1.4558+01

1.4409+01

1.4275+01

1.4372+01

6.5500+00
6.6708+00
6.5529+00

6.0609+00

6.1147+00

6.1314+00

445
DTW-NI

3.3785+00

3.2968+00

3.3169+00

3.4180+00
3.5160+00
3.4970+00

3.5758+00

3.5499+00

3.5091+00

2.7004+00

2.6147+00

2.5637+00

3.4029+00
3.3633+00
3.4804+00

3.3967+00

3.3953+00

3.4140+00

3.1142+00
3.3903+00
3.2646+00

3.4720+00
3.3801+00

3.4097+00

1.2376+00
1.1643+00
1.2537+00

1.1233+00

1.1750+00

1.1879+00

446
HKI

2.1014+03

2.1135+03

2.1225+03

2.0723+03

2.0503+03

2.0678+03

2.0154+03

2.0146+03

2.0184+03

1.9149+03

1.8507+03

1.8822+03

1.9861+03

1.9641+03

1.9935+03

2.0925+03

2.0628+03

2.0729+03

2.0595+03

2.0639+03

200686+03

2.2045+03

2.2341+03

2.2211+03

1.7118+03

1.6792+03

1.7056+03

1.6415+03

1.6280+03
1.6239+03
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L[QUID-L[QUID RUNS CORRECTED K FLOW _

422
DO PCT

91 4.7202+01
921 4.5896+01
93 3.8688+01

94 9.0695+00
95 : 7.8028*00
96 i,8.4969+00

97 8.6935-01
98 -6.3479-01
99-2.0906*00

100 -2.7610+00
101 -4,0460+00
102 -2.6972_00

103 -2.0282÷00
104 -2.4418+00
105 2.4621-01

106 -1.7424-01

I07 2,3949-01

I08 1.6315+00

109 2.2942÷00
II0 6.6334-01

662
TWI 1

7.4678*02
7.4683+02
7.4681*02

7.8994+02
7.8996+02
7.8996+02

7,9992+02
8.0523+02
8.1389+02

8.1389+02
8.1381+02
8.1798+02

8.1804+02
8.1806+02
8.2766+02

8.2778+02
8.2782+02
8.3684+02

8.3688+02
8.3687+02

443 646
TWO 1 DTK'WI

7.3968+02 6.4921+00
7.3972+02 6.4317+00
7,3971+02 6.2136÷00

7.7811+02
7.7810+02
7.7811+02

1.2251+01
1.2435+01
1.2376+01

7.8815+02
7.9353+02
8.0203+02

1.2356+01
1.1750+0t
1.1643+01

8.0205+02
8.0196,02
8.0595+02

1.1687÷01
1.1648+01
1.1038+01

8.0599+02
8.0600+02
8.1603+02

I. 1071+01

I. 1028+01

1. 1056+01

8 • 1611+02
8. 1608+02

8.2490+02

1.1076+01

1.1006+01

1.0243+01

8.2491+02
8.2491+02

1.0264+01

1.0246+01

465
DTW-NI

6,3832"01
7.1481-01
8.2788-01

2.9981,00
3.2779+00

3.0908*00

3,2248÷00
3.7257+00
6.6736+00

4.5719÷00
6_6780+00
4,4700+00

4,3533+00

: 4.4569+00

: 3.8788+00

4.0639+00

3.9454+00

3.5801+00

3.4470+00
3.7343÷00

446
HKI

1.4502+03

1.4660+03

1.5151+03

1.2884+03
1.2733+03
1. 2775+03

1.2723+03
1.3320+03
1.3633+ 03

1.3573+03
1.3618+03
1.4596+03

1.4581+03

1.4654+03

1.4113+03

1.4142+03

1.4311+03

1.5654+03

1.5666+03

1.5676+03

247



LIQU[D-LIQUID RUNS CORRECTED K FLOW

448 449 453 455

Q/AOI HNAI NUKI NUNAI

1 1.0444+04 4.1187+03 5.0774+00 6.1145+00

2 1.0428+04 4.5866+03 5.0940+00 6.8099+00

3 1.0410+04 4.3126+03 5.1012+00 6.4026+00

464

TW! 2

7.3240+02

7.3245+02

7.3234+02

465

TWO 2

7.1895+02

7.1908+02

7.1896+02

4 1.0091+04 4.6014+03 5.1167+00 6.8301+00 7.3098+02 7.1821+02

5 1.0011+04 4.1385+03 5.0902+00 6.1425+00 7.3079+02 7. I806+02

6 1.0014+04 4.4522+03 5.0812+00 6.6084+00 7.3071+02 7.1800+02

7 9.6019+03 4.2588+03 4.9621+00 6.2991+00 7.1981+02 7.0790+02

8 9.5907+03 4.3649+03 4.9486+00 6.4560+00 7.1971+02 7.0782+02

9 g.6827+03 4.6516+03 4.9994+00 6.8800+00 7.1973+02 7.0777+02

i0 9.4512+03 4.3223+03 4.8793+00 6.3772+00 7.1210+02 7.0076+02

I! 9.4683+03 4.4251+03 4.8367+00 6.5290+00 7.1208+02 7.0070+02

12 9.5049+03 4.5295+03 4.8562+00 6.6827+00 7.1205+02 7.0064+02

13 8.0599+03 4.6831+03 4.7768+00 6.9208+00 7.1371+02 7.0444+02

14 8.0742+03 4.7356+03 4.7996+00 6.9987+00 7.1378+02 7.0451+02

15 8.0865+03 4.8677+03 4.8015+00 7.1940+00 7.1376+02 7.0448+02

16 7.9669+03 4.3370+03 4.6859+00 6.4081+00 7.1269+02 7.0384+02

17 8.0124+0] 4.8456+03 4.7046+00 7.1600+00 7.1276+02 7.0390+02

18 7.9701+03 4.3482+03 4.6708+00 6.4246+00 7.1267+02 7.0380+02

19 7.9627+03 5.1527+03 4.5548+00 7.6096+00 7.1042+02 7.0208+02

20 7.9584+03 4.4009+03 4.5998+00 6.4987+00 7.1044+02 7.0207+02

2[ 7.9618+03 4.6931+03 4.5409+00 6.9305+00 7.1043+02 7.0205+02

22 7.7496+03 4.2873+03 4.3581+00 6.3266+00 7.0736+02 6.9982+02

23 7.7593+03 4.1358+03 4.3941+00 6.1027+00 7.0729+02 6.9975+02

24 7.7733+03 4.3944+03 4.4054+00 6.4844+00 7.0730+02 6.9977+02

25 7.6830+03 4.3901+03 4.2817+00 6.4730+00 7.0445+02 6.9745+02

26 7.6_,0_03 4.2007+03 4.2795+00 6.3263+00 7.0436+02 6.9734+02

27 7.69B2+03 4.8657+03 4.2846+00 7.1747+00 7.0441+02 6.9743+02

28 7.4159+03 4.4570+03 4.1711+00 6.5619+00 6.9886+02 6.9292+02

29 7.4178+03 4.:2430+03 4.1946+00 6.2468+00 6.9887+02 6.9293+02

30 7.4108+03 6.0923+03 4.1912+00 6.0247+00 6.9878+02 6.9282+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

448 449
Q/AO[ HNAI

31 7.1826+03 7.3969+03
32 7.1773*03 6.9265+03
33 7.1940+03 7.5376+03

34 7.2250÷03 6.1008+03
35 7.1878+03 5.4023+03
36 7.1539+03 5,8762+03

37 7.1668+03 _
38 7.1147÷03
39 7,1278÷03

40
41
42

43
44
45

7.1699+03
7.1737+03
7,2108+03

z

7.2575+03
7.2440+03
7.2646+03

5.6371+03
5.0963+03
5.7940+03

4.8656+03
4,8044+03
5.2858+03

5.5279+03
4.9678+03
5.3981+03

453
NUKI

4.5201+00
4.4439+00
4.5001+00

4.4536+00
4.4071+00
4.4039+00

4.5352+00
4.4609+00
4,4599+00

4.5468+00
4.5030+00
4,5523+00

4.7860+00
4.7436+00
4.7905+00

46 7.1790+03 4.8967+03 4.7450÷00
47 7.2048÷03 4.9162+03 4.8192+00
48 7.1859+03 4.7276+03 4.7711+00

5.2801+03
5.4811+03
5.1613+03

5.1054+03
5.5825+03

5.4307+03

5.1333÷03
5.1614÷03
5.0339+03

49
50
51

7.6710+03
7.6805÷03
7.6633+03

52 7.7989+03
53 7.8314÷03
54 7.8212+03

55
56
57

7.8984+03
7.8477#03
7.8619+03

5.0119+00
5.0757+00
5.0280+00

5.1992+00
5.1517+00
5.1494+00

5.2529+00
5.2164t00
5.2620+00

58 1.1388+04 3.4742+03 4.9945+00
59 1.1371+04 3.3844+03 4.9679+00
60 1.1385+04 3.4361+03 5.0419+00

455
NUNAI

1.0929+01
1.0234+01
1.1137+01

9.0255+00
7.9919t00
8.6933+00

8.3511+00
7.5499+00
8.5837+00

7.2234÷00
7.1325+00
7.8476+00

8.2373+00
7.4026+00
8.0442÷00

7.3272+00
7.3564+00
7.0740+00

7.9155+00
8.2171+00
7.7376+00

7.6792+00
8.3971+00
8.1688+00

7.7469+00
7.7896+00
7.5971+00

5.2520+00
5.1161+00
5.1942+00

464
TWI 2

7.0838+02
7.0830+02
7.0842+02

7.1272+02
7.1270÷02
7.1263+02

7.1741+02
7.1727÷02
7.1737+02

7.Z417+02
7.Z418+02
7.2428+02

7,3513+02
7.3519+02
7.3531+02

7.4719+02
7.4717+02
7.4711+02

7.5342t02
7.5341+02
7.5344+02

7.6326+02
7.6329+02
7.6336+02

7.7331+02
7.7336+02
7.7336+02

7.8502+02
7.8500+02
7.8490+02

465
TWO 2

7.0218t02
7.0206+02
7.0220+02

7.0599+02
7.0596+02
7.0594+02

7.1011+02

7.0996+02
7,1009+02

7.1620+02
7. 1619+02
7. 1629+02

7.2681+02
7.2684+02
7.2697+02

7.3860÷02
7.3858+02
7.3851+02

7.4393+02
7.4394+02
7.4397+02

7.5339+02
7.5338+02
7.5346+02

7.6320+02
7.6331+02
7.6329+02

7.7026+02

7.7022+02

7.7015+02
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LIQUID-LIQUID RUNS CORRECIED k FLOW

448

Q/AOI

61 1.1082+04

62 1.1091+04

63 1.1112+04

449 453 455

HNAI NUKI NUNAI

3.2801+03 4.8185+00 4.9565+00

3.3642+03 4.8460+00 5.0837+00

3.3502+03 4.8666+00 5.0625+00

64 1.0994+04 3.2164+03

65 1.0940+04 3.1114+03
66 1.0978+04 3.1393+03

464
TWI 2

7.8318+02
7.8321+02
7.8317+02

465
TWO 2

7.6899+02

7.6904+02

7.6897+02

4.7434+00 4.8525+00 7.7789+02 7.6414+02
4.6933+00 4.6942+00 7.7792+02 7.6419+02
4.7334+00 4.7363+00 7.7794+02 7.6420+02

67 1.1057+04 3.0923+03 4.5941+00 4.6452+00 7.6515+02 7.5187+02
68 1.1032+04 3.1078+03 4.5920+00 4.6685+00 7.6502+02 7.5177+02
69 1.1045+04 3.1474+03 4.6005+00 4.7277+00 7.6487+02 7.5162+02

70 1.0426+04 3.8609+03 4.3207+00 5.7456+00 7.3628+02 7.2436+02
71 1.0372+04 3.9668+03 4.1764+00 5.9033+00 7.3632+02 7.2438+02
72 1.0441+04 4.0727+03 4.2473+00 6°0607+00 7.3627+02 7.2431+02

73 1.0773+04 3.1657+03 4.4646+00 4.6910+00 7.2577+02 7.1359+02

74 1.0727+04 3.1896+03 4.4150+00 4.7264+00 7.2573+02 7.1357+02

75 1.0745+04 3.0873+03 4.4809+00 4.5747+00 7.2572+02 7.1356+02

76 1.0929+04 3.2174+03 4.7051+00 4.7693+00 7.2798+02 7.1477+02
77 1.0854+04 3.1967+03 4.6385+00 4.7388+00 7.3068+02 7.1752+02
78 1.0881+04 3.1873+03 4o6610+00 4.7247+00 7.2805+02 7.1487+02

79 1.0921+04 3.5069+03 4.6375+00 5.2061+00 7.3241+02 7.1872+02

80 1.0927+04 3.2230+03 4.6476+00 4.7843+00 7.3443+02 7.2069+02
81 1.0956+04 3.3561+03 4.6583+00 4.9821+00 7.3268+02 7.1894+02

82 1.1555+04 3.3282+03 4.9820+00 4.9562+00 7.4304+02 7.2815+02
83 1.1602+04 3.4325+03 5.0488+00 5.1115+00 7.4300+02 7.2811+02

84 1.1613+04 3.4058+03 5.0198+00 5.0720+00 7.4316+02 7.2823+02

85 4.0789+03 3.2958+03 3.8486+00 4.9274+00 7.3717+02 7.343_+02

86 4.0750+03 3.5000+03 3.7756+00 5.2329+00 7.3724+02 7.3445+02
87 4.0659+03 3.2433+03 3.8349+00 4.8491+00 7.3727+02 7.3448+02

4.8172+00
4.6081+00

4.5588+00

88 3.6193+03 3.2220+03

89 3.6215+03 3.0822+03

90 3.6222+03 3.0491+03

7.3618+02
7.3623+02

7.3627+02

3.6887+00

3.6585+00

3.6493+00

7.3417+02
7.3420+02
7.3423+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

91
92
93

448 _ 449
QIAO[ HNA[

3.4250+03 5.3656+03
3,4302+03 6.7988+03
3.4247+03 4.1368+03

94 5.7419+03 1.9152+03
95 5.7603+03 1.7573+03
96 5.7519+03 1.8610+03

97
98
99

tO0
I01

102

103

104

105

106
107

I08

109

II0

5.7190+03

5,6935+03
5.7748+03

1.7734,03
1.5282+03
1.2909t03

5.7707+03
5.7706+03

5.8612+03

1.2622+03

1.2336÷03
1.3112+03

5.8728+03

5.8791+03

5.6763+03

1.3491+03

1.3191+03

1.6634+03

5.6985+03
5.7302+03
5.8334+03

5.8500+03
5.8434+03

1.4022+03

1.4524+03

1.6294+03

1.6972+03

1.5648÷03

453
NUKI

3,2648+00
3.3005÷00
3.4106+00

2,9517+00
2.9175+00
2,9270+00

2.9255+00
3.0679+00
3.1500t00

3.1361+00
3.1463+00
3.3767+00

3.3733+00
3.3903+00
3.2765+00

3.2834+00
3.3226+00
3.6455+00

3.6484+00
3.6507+00

455
NUNAI

8.0384+00
7.1891+00
6.1971+00

2,9051+00
2.6653+00
2.8228+00

2.6990+00 _
2.3296+00
1.9731t00

1.9292+00

1.8853+00

2.0069+00

2.0648+00
2.0190+00
2.2480+00

2.1539+00

2.2310÷00

2.5108+00

2.6153+00

2.4111+00

464
TWI 2

7.4097+02
7.4098+02
7.4099*02

7.8719+02
7.8720+02
7,8722+02

7.974I_02
8,0334+02
8.1233+02

8.1232+02
8.1226+02
8.1683t02

8.1685+02
8.1684+02
8.2686+02

8.2691+02
8.2699+02

8.3626+02

8.3634+02
8.3631+02

465
TWO 2

7;3937+02
7.3937+02
7.3941+02

7.8308+02
7.8301+02
7.8308+02

7,9311+02
7.9876+02
8.0738t02

8.0735+02
8.0728+02
8.1165+02

8.1168+02
8.1166+02
8.2190+02

8.2191+02

8.2200+02

8.3122+02

8.3131+02

8.3123+02
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LIQUID-LIQUID RUNS CORRECTED K FLOW

466
DTK-W2

[ 6.8818+00
2 6.8378+00
3 6.8422+00

4 6.4364+00
5 6.4828+00
6 6.5468+00

7
8
9

6.1606+00

6.2247+00
6.1512+00

467

DTW-N2

2.5574+00

2.3654+00

2.4380+00

2.3115+00

2.4190+00

2.2476+00

2.2661+00

2.1756+00

2.1434+00

468 469 470 472
HK2 Q/A02 HNA2 NUK 2 l

2.5841+03 6.4695+03 2.5297+03 5.7890+00
2.5866+03 6.4345+03 2.7202+03 5.7946+00
2.5847+03 6.4338+03 2.6390+03 5.7901+00

2.6245+03

2.5961+03

2.5661+03

2.5517+03

2.5216+03

2.5661+03

6.1455+03

6.1226+03

6.1117+03

5.7188+03

5.7102+03
5.7424+03

2.6587+03
2.5311+03

2.7192+03

2.5236+03
2.6246+03
2.6791+03

i0 5.9321+00 2.1653+00 2.5221+03 5.4428+03 2.5137+03

II 6.0546+00 2.0963+00 2.4777+03 5.4575+03 2.6034+03

12 5.9501+00 2.1631+00 2.5270+03 5.4699+03 2.5287+03

5.0291+00
5.0010+00

5,0173+00

13
14

15

4.4489+03

4.4505+03

4.4526+03

1.6306+00
1.6237+00

1.5828+00

2.4316+03
2.4462+03
2.4394+03

2. 7283+03
2.7409+03
2.8131+03

5.8757+00

5.8116+00

5.7445+00

5.6896+00

5.6224+00

5.7216+00

5.6079+00
5.5094+00

5.6187+00

5.4082+00
5.4406+00
5.4256+00

16 4.8544+00 1.6819+00 2.4055+03 4.2482+03 2.5258+03 5.3479+00

17 4.8548+00 1.5601+00 2.4066+03 4.2505+03 2,7244+03 5.3505+00

18 4.9114+00 1.6472+00 2.3801+03 4.2526+03 2.5817+03 5.2913+00

4.0004+03

4.0133+03

4.0174+03

3.6135+03
3.6158+03

3.6090+03

19 4.7995+00

20 4.6677+00

21 4.7934+00

1.3570+00

1.5887+00

1.4822+00

2.2911+03

2.3634+03

2.3038+03

2.9480+03
2.5262+03
2.7104+03

2.4517+03
2.4109+03
2.4687+03

2.2351+03
2.2534+03
2.2685+03

1.4739+00
1.4998+00

1.4619+00

22
23
24

4.4440+00
4.4108+00

4.3732+00

5.0894+00

5.2498+00

5.1176+00

4.9591+00
4.9994+00
5.0328+00

25 4.1171+00 1.4414+00 2.2409+03 3.3564+03 2,3286+03 4.9663+00

26 4.1884+00 1.3997+00 2.2065+03 3.3621+03 2.4021+03 4.8900+00

27 4.2097+00 1.2532+00 2.1846+03 3.3457+03 2.6696+03 4.8416+00

28 3.5020+00 1.2963+00 2,2312+03 2.8427+03 2.1929+03 4.9342+00

29 3.5046+00 1.3075+00 2.2319+03 2.8456+03 2.1763+03 4.9357+00

30 3.5273+00 1.3201+00 2.2210+03 2.8500+03 2.1589+03 4.9114+00
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L|QUID-LIQUZD RUNS CORRECTED K FLOg

31
32
33

3_
35
36

466
DTK-_2

3.5615+00
3.7570+00
3.6104+00

3.9484+00
3.9995+00

4.0451+00

37 4.1635+00

38 4,4220+00

39 4.3201+00

40 4.6631+00

41 4,7990+00
424;7161+00

467
DTH-N2

8.6631-01
7.9965-01
8.3861-01

1.0222+00
1.0999+00
9.6999-01

1.2015+00

1.0921+00

1.0978+00

1.3012+00

1.2457+00

1.1950+00

468 669

HK2 QIA02

2.2944+03 2.9727+03

2.1907+03 2.9941_03

2.2688+03 2,9799+03

2.2664+03
2,2236+03
2.1:815+03

2.3135+03
2,1800+03
2.2254+03

2.2557+03
2.1990+03
2.2361+03

3.2267+03
3.2354÷03
3.2103+03

3.5042+03
3.5070+03
3.4975+03

3.8266+03
3.8391+03
3.8364+03

43 4.5501+00 1.3447+00 2.4207+03 4.0070+03

44 4.6381+00 1.4057+00 2.3830+03 4.0209+03

45 4.5173+00 1.3991+00 2.4419+03 4.0130+03

1.4386÷00
1.4280+00
1.4306+00

46 4.8217+00
47 4.7475+00

48 4.8359+00

49 5.0178+00
50 4.9617+00
51 5.0610+00

1.5264+00

1.4651+00

1.4785+00

52 5.0335+00 1.6243+00
53 5.1561+00 1.4972+00
54 5.I216+00 1.5550+00

1.5942+00
1.6283+00
1.622I+00

2.3618+03
2.3996+03
2.3572+03

2.5082+03
2.5311+03
2.4844+03

2,6058÷03
2.5524+03
2,5683+03

2.5923+03
2.5958+03
2.6053+03

2.4063+03
2.3824+03
2.4213+03

55 5.1901+00

56 5.1549+00

57 5.1415+00

58 8.1773+00

59 8.2623+00

60 8.1148+00

2.9097+00
2.9324+00
2.8933+00

4. 1428+03

4. 1443+03

4. 1469+03

4.5785+03
4.5688+03
4.5741+03

4.7717+03

4.78774-03
4.7852+03

4.8945+03
4.8680+03

4.8730+03

7.1583+03
7.1609+03

7.1479+03

470 472
HNA2 NUK 2

3.4315+03 5.0908+00
3.7443+03 4.8609+00
3._5534+03 _: 5.0342+00

3.1566+03 4.9925+00
2,9414+03 4.9420+00
3.3097+03 _ 4.8484÷00

2.9165+03
3.2112+03
3.1860+03

5.1505+00
4. 8536+00
4. 9546+ O0

2.9408+03
3.0819+03
3. 2105+03

5.0346+00
4.9083+00
4.9912+00

2.9800+03
2.8603+03
2.8682+03

5.4237+00

5.3394+00
5.4715+00

2.8798+03
2.9022+03
2,8986+03

2.9996+03
3.1184+03
3.0937+03

5.3148+00

5.3996+00

5.3042+00

5.6570+00
5.7087+00

5.6034+00

2,9376+03
3.1977+03
3.0773+03

5.8978+00
5. 7773+00
5.8133+00

3.0701+03
2.9895*03
3.0042+03

5.8886+00

5.8967+00

5.9182+00

2.4601*03
2.4420+03
2.4705+03

5.4950+00
5.4406+00

5.5289+00
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LIQUID-LIQUID RUNS CORRECTED K FLOW

61
62
63

466

DTK-W2

8.2096+00

8.0930+00

8.1142+00

64 7.9853+00
65 8.1315+00
66 8.0525÷00

67
68
69

70
71
72

73
74
75

7.8138+00
7.8217+00
7.8171+00

7.7118+00

8.0017+00

7.8629+00

7.1601+00
7.2632+00

7.1245+00

76 7.4477+00
77 4.9333+00
78 7.4962+00

79 8.0904+00
80 6.1137+00

81 7.9245+00

82 7.9713+00

83 7.8965+00
84 7.9548+00

85 2,2249+00
86 2.3680+00
87 2.2753+00

88 1.7444+00

89 1.7484+00
90 1.7760+00

467 468 469
DTW-N2 HK2 Q/A02

2.8736+00 2.3032+03 6.8788+03
2.8746+00 2.3338+03 6.8711÷03

2.8390+00 2.3308+03 6.8804*03

2.9037+00
2.9043+00
2.9062+00

3.0094+00
2.9685+00
2.9328+00

2.0005+00

1.9719+00
1.9463+00

2.7824+00
2.7356+00

2.8141+00

2.8531+00

5.4598+00

2.8795+00

2.5607+00
4.7235+00

2.8178+00

3.1085+00

3.0058+00

3.0405+00

3.4061-01

2.2259-01

3.0395-01

1.8068-01
2.2250-01

2.0785-01

2.2917+03
2.2469+03
2.2725+03

2.2591+03
2.2514+03
2.2531+03

2.0456+03
1.9744+03
2.0128+03

2.2482÷03
2,2116+03
2.2567+03

2.3431+03
3.5239+03
2.3231+03

2.2369+03
2.9706+03
2.2932+03

2.4720+03
2.4970+03
2.4844+03

1.6612+03

1.5650+03

1.6240t03

1.5292+03

1,5403+03

1.5204+03

6.6572+03
6.6467+03
6.6573+03

6.4217+03
6.4063+03
6.4073+03

5.7389+03
5.7476+03
5.7576+03

5.856I+03
5.8439÷03
5.8439+03

6.3486+03
6.3243+03
6.3352+03

6.5837+03
6.6071+03
6.6109+03

7.1687+03
7.1731+03

7.1896+03

1.3446+03
1.3482+03
1.3442+03

9.7039+02
9.7973+02
9.8235+02

470
HNA2

2.3938+03
2.3903+03
2.4235+03

2.2927+03
2.2886+03
2.2907+03

2.1339÷03
2,1581+03
2.1847*03

2.8687+03
2.9148+03
2.9582t03

2.1047+03
2.1362+03
2.0766÷03

2.2251+03
1.1583+03

2.2001*03

2.5711+03
1.3988÷03
2.346I+03

2.306I+03
2. 3864+03
2. 3646+03

3.9675+03
6,0571+03
4.4226+03

5.3708+03
4.4032+03
4.7263+03

472

NUK 2

5.2562+00
5.3259+00

5.3191+00

5.2195+00

5.1178+00

5.1762+00

5.1216+00

5.1040+00

5.1075+00

4.5902+00

4.4310+00
4.5168+00

5.0251+00
4.9436+00
5.0395+00

5.2420+00
7.8839+00
5.1973+00

5.0132+00
6.6578+00

5.1395+00

5.5609+00

5.6168+00

5.5888+00

3.7215+00
3.5064+00
3.6384+00

3.4240+00
3.4490+00
3.4045+00
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LIQUID-LIQUID RUNS CORRECTED K FLOW

91

92

93

94

95
96

97
98
99

I00

I01

I02

103

I04

I05

106

107

108

109
II0

466 467 468
DTK-W2 DTW-N2 HK2

1.8211+00 -2.1560-01 1.1667+03

1.7884+00-1.7833-01 1.1885+03
1.5913+00 -2.0584-02 1.3204+03

4.1927+00
4.2861+00
4.2524+00

1.0977{00
1.2529+00

1.1536{Q0

4.4969+00
4. 3431+00

4.4494+00

4.4923+00
4.4265+00
4.2516+00

1.1893+00

1,7159+00

2.2809+00

2. 3296+00
2.4380+00
2.4241+00

4.3206+00
4.2880+00
4.6531+00

2.2962+00
2.3631+00
1.7236+00

4.7073+00
4.5855+00

4.2823+00

4.2557+00
4.2480+00

1.7869+00

1.7728+00

1.5570+00

1.5072+00
1.6840+00

I .3062÷03
I. 3024+03
1,2997+03

1.2759+03

1.4109+03

1.4898+03

1.4816+03

1,5067+03

I .6312+03

1.6027+03
1,6188+03
1.4316+03

I .4273+03

1.4607+03

1.5816+03

1.5879+03
1.6042+03

469 470 472
Q/AO2 HNA2 NUK 2

7.716I+02 -3.5789+03 2.6123+00
7.7321+02--4.3358.03 2.6657+00
7.6438+02 -3.7134+04 2.9614+00

1.9923+03
2.0308+03
2,0106+03

1.8150+03
1,6209+03
1.7429+03

2.9809+00
2.9724+00
2.9662+00

2.0873+03
2.2292+03
2.4115+03

1.7550,03

1.2991{03
1.0573+03

2.9229+00
3.2388+00
3._313+00

2.4213+03
2.4263+03
2.5230+03

1.0394+03
9.9520+02
1.0408+03

3.4123+00
3.4701+00
3.7627+00

2.5191+03
2.5252+03
2.4234+03

1,0971+03
1.0686+03
1.4060+03

3.6972+00
3.7342+00
3.3150+00

2.4442+03
2,4366+03
2.4639+03

1.3679+03
1.3744+03
1.5825+03

3.3050+00
3.3823+00
3.6743+00

2.4585+03 1.6312+03
2.4791+03 1.4721+03

3.6891+00
3.7269+00
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LIQUID-LIQUID RUNS CORRECTED K FLOW

474 487 490

NUNA 2 HKOMIN NUKMIN

1 3.7593+00 1.8831+03 4.2269+00

2 4.0429+00 1.9209+03 4.3118+00

3 3.9220+00 1.9048+03 4.2755+00

4 3.9503+00 1.9302+03 4.3297+00

5 3.7604+00 1.8898+03 4.2387+00

6 4.0401+00 1.9094+03 4.2826+00

7 3.7360+00 1.8646+03 4.1658+00

8 3.8855+00 1.8676+03 4.1725+00

9 3.9661+00 1.9021+03 4.2495+00

i0 3.7120+00 1.8467+03 4.1148+00

11 3.8446+00 1.8396+03 4.0990+00

12 3.7341+00 1.8524+03 4.1273+00

13 4.0350+00 1.8355+03 4.0900+00

14 4.0538+00 1.8459+03 4.1132+00

15 4.1605+00 1.8536+03 4.1305+00

16 3.7346+00 1.7858+03 3.9780+00

17 4.0286+00 1.8205+03 4.0556+00

18 3.8174+00 1.7815+03 3.9686+00

19 4.3567+00 1.7853+03 3.9743+00

20 3.7330+00 1.7624+03 3.9233+00

21 4.0054+00 1.7588+03 3.9155+00

22 3.6202+00 1.6776+03 3.7310+00

23 3.5599+00 1.6808+03 3.7378+00

24 3.6452+00 1.6993+03 3.7789+00

25 3.4356+00 1.6590+03 3.6859+00

26 3.5440+00 1.6530+03 3.6726+00

27 3.9390+00 1.6826+03 3.7384+00

28 2.2303+00 1.6276+03 3.6092+00

29 3.2060+00 1.6246+03 3.6026+00

30 3.1801+00 1.6153+03 3.5818+00
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LIQUID-LIQUID RUNS CORRECTED K FLOW

32
33 _

34
35
36

37
38
39

40
41
42

43
44
45

46
47
_8

49
50
51

474
NUNA 2

5.D722÷00
5.5345+00
5.2526+00

4,6720+00'
4.3534+00

4,8985*00

4.3227+00
4;7594+00

4.7223+00

4,3680*00
4,5775+00
4,7689÷00

4.4428÷00
4.2644+00
4,2763+00

4.3115+00
4.3449+00
4.3395÷00

4.4992+00
4.6775+00
4.6404*00

52 4.4210÷00
53 4.8127+00
54 4.6315+00

55
56
57

58
59
60

4.6358+00
4.5142+00
4.5364+00

3.7219+00
3.6945÷00
3.7375÷00

487
HKOMIN

1.8445+03
1.8052*03
1.8401*03

1,7835+03
1.7431+103
1.7587+03

1.7946÷03
1.7474+03
1.7737+03

1.7628+03
1.7450+03
1.7832,03

1.8677+03
1.8280+03
1.8637+03

1.8184+03

1.8640+03
1.8183+03

1.9224+03
1.9533+03
1.9218+03

1.9693+03
1.9773+03
1.9694+03

1.9823+03
1.9719+03
1.9797+03

1.7738+03
1,7574+03
1.7839+03

490
NUKNIN

6,1025+00
6.0153+00
6.0930+00

3.9730+00
3.8831÷00
3.9177÷00

4,0036+00
3.8985+00
3.9571+00

3o9420+00
3.9025+00
3.9880*00

6.1922+00
6.1032÷00
6.1833-00

4,0988+00
_6.1566+00
4.0985+00

6.3429+00
6.4126+00
4.3419÷00

6.4646+00
4.4827+00
6.4668÷00

6.5101+00
4.4864+00
6.5041+00

6,0601+00
6.0227÷00
4.0830+00
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LIQUID-LIQUID RUNS CORRECTED K "FLOW

61

62

63

474
NUNA 2

3.6200+00
3.6149+00
3.6650+00

64 3.4615+00
65 3.4554+00
66 3.4585+00

67
68
69

3.2081+00
3.2444+00

3.2843+00

70 4.2722+00
71 4.3409+00
72 4.4054+00

73 3.1215+00
74 3.1683+00
75 3.0799+00

76 3.3014+00
77 1.7187+00
78 3.2644÷00

79
80
81

3.8205+00
2.0784+00
3.486I+00

82 3.4377+00
83 3.5574+00
84 3.5249+00

85 5.9033+00
86 9.0588+00
87 6.6142+00

88 8.0316+00

89 6.5846÷00
90 7.0679+00

487 490
HKOMIN NUKMIN

1.705I+03 3.9006*00
1.7212+03 3.9372+00
1.7258+03 3.9477÷00

1.6797+03 3.8352+00
1.6547+03 3.7784+00
1.6690+03 3.8II0#00

1.6300+03 3.7056+00
1.6311+03 3.7078+00
1.6375+03 3.722I÷00

1.6232+03 3.6525+00
1.583I+03 3.5627+00
1.6124+03 3.6283+00

1.6180+03 3.6269÷00
1.6056+03 3.5990+00
1.6153+03 3.6206+00

1.693I+03 3.7974+00
1.6717+03 3.7494÷00
1.6773+03 3.7621+00

1.6980+03 3.8146+00
1.6749+03 3.7627+00
1.6907*03 3.7982+00

1.7775+03 4.0077+00
1.8075+03 4.0752+00
1.7963+03 4.0503+00

1.4402+03 3.2322÷00
1.4301+03 3.2098+00
1.4321+03 3.2143+00

1.3852+03 3.1073+00
1.3660+03 3.0642+00
1.3607+03 3.0524÷00
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LIQUID-LIQUID RUNS CORRECTED K FLOW

474 487 490
NUNA 2 HKOMEN NUKM|N

91 -5.3627+00 1.3207*03 _ 2.9678+00
92 -6.4968+00 1.3197+03 2.9656+00

93 -5,5640+01 1.13373+03 3°0049+00

94
95
96

97
98
99

2.7595+00
2.4643+00
2_6498+00

2.6774+00
1.9853+00
1,6202+00

1.0351.03 2.3669*00
1.0078+03 2.3044+00
1.0223+03 2.3377+00

1.0090+03
1.0113+03
9. 8491+02

._ 2.3158*00
2.3255+00
2.2720+00

lOO

I01

102

1.5927+00
1.5249+00

1.5971+00

9.7563÷02
9.7158+02
1.0389+03

2,2506+00
12.2412+00

2,3999+00

103
I04

105

1.6837+00
1,6399+00
2o1657+00

1.0465+03
1.0436+03
1.0447+03

2.4177+00

2.4110+00
2.4222+00

106 2.1069+00
107 2.1171+00
108 2.4456+00

1,0346+03

1.0534+03

1.1599+03

2.3989÷00
2.4426+00
2.6980+00

109 2.5209+00

II0 2.2749+00

1.1727+03 2.7278+00
1.1489+03 2.6722+00
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TABLE Z:

Column Symbol

113-149 TCN

161-185 TCNC

196 TKI

198 TKO

201 TNAO

Z04 TNAI

Z05 DTNA

Z14 WNA

Z16 TNAM

Zl7 CPNA

Z19 QNA

235 QC

ZZ0 Q/AA

Z39 WK

240 PI

241 PO

242 DPC

351 TWIT *

36g Q/AT *

564 TWOT*

369 HCONT*

371 NUCT*

393 TWIB

404 Q/AB *

406 TWOB*

409 HCONB*

411 NUCB*

CONDENSING DATA REDUCTION

(Part I. List of Symbols)

Identification-

Temperature of thermocouple N, OF

Corrected temperature of thermocouple

N, OF

Inlet potassium temperature, OF

Outlet potassium temperature, OF

Outlet sodium temperature, OF

Inlet sodium temperature, OF

Sodium temperature increase, OF

Sodium flow rate, Ib/hr

Sodium mean temperature, o F

Sodium specific heat, Btu/Ib -OF

Sodium heat gain, Btu/hr

Condenser load, Btu/hT

Average heat flux, Btu hr-ft z

Potassium flow rate, ib/hr

Inlet potassium vapor pressure, ib/in Z

Outlet potassium vapor pressure, ib/in g

Condensing pressure drop

Inner wall temperature at top axial

st ation, OF

Heat flux at inner wall at top axial

station, Btu/hr-ft z

Outer wall temperature at top axial

station, OF

Condensing heat transfer coefficient

at top axial station, Btu/hr-ft z - OF

Nusselt's condensing ratio at top axial

st ation, dimensionless

Inner wall temperature at bottom axial

station, OF

Heat flux at inner wall at bottom axial

station, Btu/hr-ft z

Outer wall temperature at bottom axial

st ation, OF

Condensing heat transfer coefficient at

bottom axial station, Btu/hr-ft z-° F

Nusselt's condensing ratio at bottom

axial station, dimensionless

, J , , ,

These values were also calculated accounting for the thermocouple standard-

izations obtained in the vapor standardization runs. The values of the para-

meters utilizing the thermoeouple standardization are indicated in the columns
in which the notation for the above parameters are followed by a C, e.g., I_ITC

is the Inner Wall Temperature at top axial station utilizing the standardized

correction factor, OF. 260
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TABLE 2:

CONDENSIKG t'_ATA i_EF_'tlC.TIF'_',

(Pa,,.ct2,_:,lalaua,a,_t'edDa.ta_):

110 , 111 113 115 117 119

DATE TIME TC1 TC2 TC3 TC4

%

1 1.2041_+04 2.3000+03

2 1.2043÷04 2C3000+03

3 1.2043÷04 2.3000+03

4 1.2043÷04 2.3000÷03

5 1.2073+04 2.0000+01

6 1.2073+04 2.0000+01

7 1.2073+04 2.0000+01

8 1.2073+04 2.0000¢01

9 1.2073+04 1.3000+02

10 1.2073+04 1.3000+02

II 1.2073+04 1.3000+02

12 1.2073+04 1.3000+02

13 1.2073+04 2.2000÷02

14 1.2073+04 2.2000+02

15 1.2073÷04 2.2000+02

16 1.2073+0,4 2.3000+02

17 1.2073+04 2.3000+02

18 1.2073+04 2.3000÷02

1.1688+03

1.1687+03

1 •1687+03

1.1688+03

1.2041+03

1.2042+03

1.2043+03

1.2042+03

1.2370+03

1.2372+03

1.2370+03

1.2371+03

1.2584+03

1.2585+03

1.2584+03

1.2580+03

1.2579+03

1.2581+03

1. 1684+03

1.168_,+03

1 • 1685+03

1. 1686+03

1.2039+03

1.2038+03

1.2041+03

1. 2040 +03

1.2368+03

1.2370+03

1.2368+03

1.2370+03

1.2580+03

1.2582+03

1.2582+03

1.2578+03

I. 2575+03

1. 2578+03

1.1661+03

1.1662+03

1.1662+03

1.1662+03

1.2020+03

1o2022+03

1.2021+03

1.2021+03

1.2355+03

1.2355+C3

1.2354+03

1o2356+03

1.2568+03

1.2569+03

1.2568+03

1.2565+03

1.2565+03

1.2565÷03

1.1671+03

1.1671+G3

1.1671+03

1.1671+03

1°2031+03

1.2032¢C3

1.2032+03

1.2032+C3

1.2364+03

1.2364+03

1.2364+03

1.2365+C3

1.2577+03

1.2579+03

1.2578+03

Io2574+03

1.2573+03

1.2574+03
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CONDENSING DATA REDUCTION

121 123

TC5 TC6

125

TC7

127

TC8

129

TC9

131

TC 10

I 1.1469+03 1.1449+03 1.1457+03 1.1409+03 1.1376+03 1.1392+C3

2 1.1469+03 1.1449+03 1.1458+03 1.1409+03 1.1377*03 1.1392+03

3 1.1468#03 1.1449+03 1.1459+03 1.1408+03 1.1377÷03 1.1392+03

4 1.1470+03 1.1450+03 1.1459+03 1.1409+03 1.1376+03 1.1392+C3

5 1.1843+03 1.1824+03 1.1834+03 1.1800+03 1.1768+03 1.1784+C3

6 1.1844.03 1.1824+03 1.1833+03 1.1801+03 1.1766+03 1.1782+03

7 1.1843+03 1.1823+03 1.1834+03 1.1800+03 1.1767+C3 1.1783+C3

8 1.1842+03 1.1823+03 1.1833+03 1.1799+03 1.1766+03 1.1782+G3

9 1.2181+03 1.2161+03 1.2172+03 1.2142+03 1.2109+03 1.2125+C3

I0 1.2181+03 1.2161+03 1.2172+03 1.2142+03 1.2107+03 1.2124+03

II 1.2181+03 1.2160+03 1.2171+03 1.2141+03 1.2106+03 1.2123+C3

12 1.2181+03 1.2160+03 1.2172+03 1.2141+03 1.2106+03 1.2123+03

13 1.2388+03 1.2365+03 1.2376+03 1.2343+03 1.2309+03 102326+03

14 1.2387+03 1.2366+03 1.2376+03 1.2344+03 1.2309÷03 1.2325+03

15 1.2385+03 1.2365+03 1.2376+03 1.2342+03 1.2308+03 1.2325+C3

16 1.2379+03 1.2359+03 1.2370+03 1.2335+03 1.2301+03 1.23t8+03

17 1.2381+03 1.2359+03 1.2369+03 1.2335+03 1.2301+03 1.23i_+G3

18 1.2380+03 1.2359+03 1.2369+03 1.2335+03 1.2300+03 1.2317+03
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CONDENSING DATA REDUCTION

I

2

3

4

5

6

7

8

9

IO

11

12

13

14 _

15

16

17

18

133

TCII

1.1610+03

1.1610+03

1.1610+03

1.1611+03

1.1979+03

1.1982_03

1.1980+03

1.1979+03

1.2318÷03

1.2319+03

1.2318+03

1.2319÷03

1.2529+03

1.2531÷03

1.2530÷03

1.2526+03

1.2524÷03

1.2525+03

135

TCI2

1.1603+03

1.1606+03

1.1605+03

1.1604+03

1,1974+03

1.1976+03

1.1975+03

1.1974+03

1.2314+03

1.2313+03

1.2312+03

I. 2316+03

1. 2523+03

1.2524+03

1.2524+03

1.2519+03

I •2518÷0 3

1.2517+03

137

TCI3

1.1578+03

1.1578+03

1.1579÷03

1.1578÷03

1.1951+03

1.1950+03

1.1952+03

1.1951+03

1.2289÷03

1.2289+03

1.2288+03

1.2289+03

1.2499+03

1.2497+03

1.2498+03

1.2492+03

1.2493+03

1.2692+03

139 143 145

TCI4 TCI6 TCI7

1.1565+03 1.1596+03 1.1575+03

1.1566+03 1.1597÷03 1.1575+03

1.1566+03 1.1597+03 1.1575+C3

1.1565+03 1.1595+03 1.1576+C3

1.19_0+03 1.1966+03 1.1947+03

1.1939+03 1.1966+03 1.1948+03

1.1940+03 1.1966+03 1.1947+03

1.1940÷03 1.1965÷03 1.1947+03

1.2278+03 1.2303+03 1.2286÷03

1.2277÷03 1.2303+03 1.2286+03

1.2278+03 1.2303+03 1.2287+03

1.2277+03 1.2303+03 1.2287+03

1.2487+03 1.2514+03 1.2696+C3

1.2486+03 1.2515+03 1.2697+03

1.2485+03 1.2513+03 1.2496+03

1o2480÷03 1.2509+03 1.2491+C3

1.2481÷03 1.2509+03 1.2490+G3

1.2481÷03 1.2510+03 1.2490+03
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CONDENSING DATA REDUCTION

147 149 161 163 165 167

TC18 Tel9 TCIC TC2C TC3C TC4C

I Io1569÷03 1.1523+03 1.1688+03 1.1684+03 1.1674+03 1.1670+G3

2 1o1569+03 1.1523+03 101687+03 Io1684+03 Io1674+03 1.1670+C3

3 Io1570+03 1.1524+03 1.1687+03 101685+03 1.1675÷03 1.1670+C3

4 1o1570+03 1.152_+03 Io1688+03 1.1686403 1.16754G3 1.1670+C3

5 101941+03 IolgO0+03 1.2041+03 1.2040÷03 1.2C32+03 I°2030÷G3

6 1.1943+03 1o1902+03 1o2042+03 I°2039+03 1.2C34÷03 1.2031+C3

7 1o1942+03 1.1900+03 Io2043÷0_ 1.2042+03 1.2C34÷03 1.2032÷C3

8 101941+03 1.1900+03 1.2042+03 1.2041+03 I°2C34÷03 1.2031+C3

9 1.2279+03 1.2241_03 1.2370+03 1.2370+03 1.2366+03 1.2364+03

I0 1o2280+03 I02240+03 102372+03 1.2372+03 1o2367+03 1.2364+G3

II lo2279+03 1.2239+03 Io2370+0_ 1.2370÷03 1.2366÷03 1.2363÷03

12 Io2280+03 1.2240+03 1.2371+03 1.2372+03 _ 1.2368+03 Io2364+G3

13 1o2488+03 1.2448+03 I°2584+03 1.2582÷03 1.2579÷03 i°2577+03

14 102488+03 1.2447+03 1.2585+03 1.2584+03 Io2580+C3 I.2578+C3

15 1=2488+03 1.2447+03 I,2584+03 1.2584+03 1.2579÷03 1.2578+C3

16 102482+03 1.2441+03 lo2580+03 I.2580+03 1o2576+03 Io2574+63

17 1.2482+03 1.2441+03 lo2579+03 1.2577+03 1.2576÷03 1.2572+C3

18 1.2482+03 1.2440+03 1.2581+03 1.2580+03 1o2576+03 I_2573+C3
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CONDENSING DATA REOUCTION

I

2

3

4

5

6

7

8

9

I0

II

12

13

15

16

17

18

169 171

TCIIC TCI2C

1.1605+03 1.1596+03

1.1605+03 1.1596+03

1.1605+03 1.1597+03

1.1606+03 1.1597+03

1.1974+03 1.1967+03

1.1976+03 1.1969+03

1.1975+03 1.1968+03

1.1974+03 1.1967+03

1.2313+03 1.2307+03

1.2314+03 1.2306+03

1.2313+03 1.2305+03

1.2314+03 1.2307+03

1.2523+03 1.2516+03

1.2525+03 1.21517+03

1.2525+03 1.2517+03

1.2520+03 1.21512+03

1.2518+03 1.2511+03

1.2520+03 1.2510+03

173

TC 130

1.1571+03

1.1571+03

1. 1572+03

1.1571+03

I. 1964+03

I. 1943+03

1.1945+03

I. 1944+03

1.2282+03

1.228I+03

1.2280+03

1.2282+03

I. 2491+03

1.2490+03

1.2491+03

I °2484+03

1.2485+03

1.2684+03

175

TC14C

1.1554+03

1.1555+03

1.1554+03

1.1554+03

1.1929+03

1.1928+03

1.1929+03

1.1929+03

1.2267+03

1.2267+03

1.2267+03

1.2267+03

1.2477+03

1.2476+03

1.2475+03

1.2470+03

1.2471+03

1.2471+03

179

TC16C

1.1599+03

1.1600+03

1.1600+03

1.1598+03

1.1968+03

1.1968+03

1.1969+03

1.1968+03

1.2305+03

1.2305+03

1.2305+03

1.2305+03

1.2516+03

1.2516+03

1.2515+03

1.2511+03

1.2511+03

1.2512+03

181

TCITC

1.1574+03

1.1574+03

1.1574+03

1.1575+03

1.1946+03

1.1947+03

1.1946+03

1.1945+03

1.2284+03

1.2284+03

1.2285+03

1.2285+03

1.2494+03

1.2495+03

1.2494+03

1.2489+03

1.2488+03

1.2488+03
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CONDENSING DATA REDUCTION

183 185 196 198 201 204

[C18C TcIgc TKI IKO INAO INAI

I 1©1571÷03 1o1519+03 Io1686÷03 1o1672+03 Io1458+03 1.1393÷G3

2 1o1571÷03 1o1519+03 1o1686+03 1o1672+03 101458÷03 I®1393+C3

3 Io1571÷03 101520+03 I°1686+03 Io1673+03 1.1459+03 1.1392+03

4 I_1571+03 1.1520+03 1,1687+03 Io1672+03 I°1460÷03 Io1392÷G3

5 Io19#3+03 1.1896+03 1o2040+03 1.2031+03 Io1833+03 1.1784+03

6 1.1945+03 1o1897+03 1o2041+03 1o2033+03 1.1834+03 1.1783+03

l Io194#÷03 Io1896÷03 1o2042+03 Io2033+03 Io1833÷03 I°1783+03

8 Iolg43+03 Io1896+03 Io2042÷03 I°2032÷03 Io1833÷03 Io1782+C3

9 1o2281+03 1.2236+03 1o2370÷03 1.2365÷03 1,2171+03 Io2125+03

I0 I_2283+03 1.2235+03 lo2372+03 lo2365÷03 Io2171÷03 Io2125+03

II Io2281÷03 1o2234+03 1,2370+03 1.2364+03 1.2171+03 1.2123+03

12 1o2282÷03 1.2235+03 1o2371+03 1.2366÷03 Io2171+C3 Io2124+03

13 Io2490+03 102443+03 Io2583÷03 1o2578÷03 Io2376÷03 102326+03

14 Io2491+03 1°2442+03 1,2585+03 1o2579+03 1o2376÷03 1.2326+G3

15 1.2490+03 1.2442+03 1o2584+03 1.2578+03 1o2375÷03 I_2325+03

16 1o2485+03 1o2435+03 102580+03 1o2575+03 Io2370+C3 1o2318+03

I? I_2484+03 1.2436+03 I_2578+0_ 1.2574+03 Io2370+03 I°2318+C3

18 Io2485+03 1o2435+03 102580+03 1.2575+03 102370÷03 1,2317÷C3
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CONDENSING DATA REDUCTION

205 214 216 217 219 235

DTNA " HNA TNAH CPNA QNA QC

6

7

8

9

10

11

12

13

14

15

16

17

18

1 6.5961+00

2 6.5819+00

3 6.6384+00

4 6.7231+00

5 4.9573+00

5.0285÷00

5.0143+00

5.0427+00

4.6154+00

4°6724+00

4.7578+00

4.7578+00

5.0142+00

5.0570+00

5.0142+00

5.1567+00

5.1424+00

5.2279+00

3.9151÷03

3.9151+03

3.9151+03

3.9151+03

4.4514+03

4.4514+03

4.4514+03

4.4514+03

4.4929+03

4.4929+03

4.4929+03

4.4929+03

4.5153+03

4.5153+03

4.5153+03

4.5167+03

4.5167+03

4.5167+03

1.1425+03

1.1426+03

1.1426+03

1.1426+03

1.1809+03

1.1808+03

1 • 1808+03

1.1807+03

1.2148+03

1.2148+03

1.2147+03

1.2147+03

1.2351+03

1.2351+03

1.2350+03

1.2344+03

1o2344+03

1.2343+03

3.0000-01

3.0000-01

3.0000-01

3.0000-01

3.0000-01

3.0000-01

3.0000-01

3o0000-01

3.0007-01

7.7473+03

7.7307+03

7.7971+03

7.8966+03

6.6200+03

6.7152+03

6.6961+03

6.7342+03

6.2225+03

3.0007-01 6.2993+03

3.0007-01

3.0007-01

3.0018-01

3.0018-01

3. O018-01

3.0017-01

3.0017-01

3.0017-01

6.4145+03

6.4145+03

6.7962+03

6.8541+03

6.7962+03

6.9913+03

6.9720+03

7.0879+03

1.0323+04

1.0307+04

1.0374+04

1.0474+04

9.3705+03

9.4654+03

9.4464+03

9.4842+03

9_1086+03

9.1857+03

9.3009+03

9.3012+03

9.7693+03

9.8271+03

9.7690+03

9.9624+03

9.9430+03

1.0059+04

267



CONDENSING DATA REDUCTION

220 239 240 24L 242 351

QIAA WK Pl PO DPC TWI T

I 2.1028+04 1.1842+01 3.6989*00 3.6636+00 3.5325-02 1.1640"03

2 2.0996+04 1.1824+01 3o6973÷0C 3.6641+00 3.3226-02 1.1640+03

3 2.1132+04 1.1901+01 3.6978+0C 3.6651+00 3.2?04-02 Io1641÷03

4 2o1337+04 1.2017+01 3.7015+0C 3.6646*00 3_6906-02 1.1662+03

5 Io9088+04 1.0812+01 4.6785+00 4.6500+00 2o8522-02 Io2007+G3

6 1.9282+04 I©0922+01 4.6792+0C 4.6552+00 2o3966-02 1.2011+03

7 1.9243+04 IoOgO0+Ol 4.6837+00 4.6546+00 2o9179-02 1o2007+03

8 1o9320+04 1®0944+01 4.6818+00 4.6533+00 2o8528.02 1.2007+03

9 1.8555+04 1.0567+01 5_7685+00 5.7502+00 Io8317-C2 Io2347+03

10 1.8712.04 1.0657+01 5.7746+0C 5.7510+00 2.3645-02 1.2347+03

11 1.8947+04 Io0790+01 5o7685+00 5°7487+00 Io9836-02 1.2346+03

12 1.8947+04 1.0791+01 5.7731+00 5®7540+00 Io9C88-02 1o2348+03

13 1,9901+04 1.1377+01 6.5757+00 6.5550+00 2oC635-02 I.2557+C3

14 2.0019+04 1.1444+01 6.5824÷0C 6.5609+00 2o1485-02 1.2561+03

15 1.9900+04 1.1377+01 6.5782+00 6.5576+00 2°C637-02 1.2561+C3

16 2°0294+04 1.1601+01 6°5648+00 6.5433*00 2o1461-02 102556+03

17 2°0255+04 1o1578+01 6°5572+00 6.5399+00 1.7250-02 I°2552+03

18 2.0490+04 1.1713+01 6.5668+0C 6°5425÷00 2.2300-02 1.2556+03
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CONDENSING DATA REDUCTION

362 364

Q/AT TWC T

369

HCON T

371

NUC T

393

TWI B

404

QIA B

1 1o6663÷04 1.1523+03 4.0046+03 1o1214-02 1o1638+03 2.3673+04

2 1.6448+04 1.1525+03 309750+03 I.I131-02 1.1639+03 2.3844+04

3 1.6603+04 1.152#+03 #.0628+03 1.1377-02 1.1638+03 2.3526+04

4 1.707#+0# 1.1522+03 #.1971+03 1.1753-02 1.1637+03 2.3328+04

5 1.4963+0# 1.1903+03 #.8708+03 1.3692-02 1.2004+03 2.1600+04

6 1.6129+04 1.1899+03 5.8699+03 1.6500-02 1.2003+03 2.0936+06

7 1.5102+04 1.1903+03 4.7766+03 1.3627-02 1.2006+03 2.1506+04

8 1.514#+04 1.1902+03 4o8145+03 1.3534-02 1.2003+03 2.1238+04

9 1.5636+0# 1.2239+03 7.2456+03 2.0486-02 1.2340+03 2.0899+04

I0 1.5986+04 1.2237+03 7.2115+03 2.0391-02 1.2340+03 2.0912+C4

11 1.5650÷04 1.2238+03 7o0683+03 1.9986-02 102341+03 2.1432+04

12 1.6038+04 1.2238+03 7.4673+03 2.1114-02 1.2361+03 2.1057+04

13 1.5973+04 1.2448+03 6.6090+03 Io8757-02 1.2553+C3 2°2234+04

14 1.7145+04 1.2443+03 7.7599+03 2.2024-02 1.2554+03 2.2707+04

15 1.7218+0# 1.2443+03 8o1231+03 2.3055-02 102552+03 2o2252+C4

16 1.7467+04 1.2437+03 7o9100+03 2.2#49-02 1.2550+03 2.3029+04

17 1.6243+04 1.2441+03 606322+03 1.8822-02 1o2549+03 2_2766+04

18 1.6714+04 1.2439+03 6.7701+03 1.9214-02 1.2550+03 2.3329+04
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CONDENSING DATA REDUCTION

406 409

TWO B HCON B

411

NUC B

428

TWI TC

438

Q/A TC

440

TWO TC

l 1.1472+03 6.1043+03 1.7093-02 1.1638+03 1.8683+04 1.1507+03

2 1.1472+03 6.3147+03 1.7682-02 1.1638+03 1.8467+04 1.1509+03

3 1.1473+03 6.0688+03 1.6994-02 1.1639+03:1.8623+04 1.1509+03

4 1.1474+03 5.8250+03 1.6311-02 1.1640+03 1.9093÷04 1.1506+03

5 1.1854+03 7.1176+03 2.0008-02 1.2005+03 1.6826+04 1.1888+03

6 1.1858+03 6.4635+03 1.8169-02 1.2009+03 1.7993+04 1.1884+03

7 1.1855+03 6.7691+03 1.9029-02 1=2005+03 1.6965+04 1.1888+03

8 1.1855+03 6.5324+03 1.8363-02 1.2005+03 1.7007+04 1.1887+03

9 1.2196+03 7.8661+03 2.2241-02 1.2344+03 1.7340+04 1.2225+03

10 1.2196+03 7.7370+03 2.1877-02 1.2345+03 1.7691+04 1.2223+03

11 1.2194+03 8.5714+03 2.4236-02 1.2344+03 1.7355+04 1.2224+03

12 1.2196+03 7.8243+03 2.2124-02 1.2346+03 1.7743+04 1.2223+03

13 1.2400+03 8.3116+03 2.3590-02 1.2555+03 1.7578+04 1.2434+03

14 1.2399+03 8.5087+03 2.4150-02 1.2558+03 1.8749+04 1.2430+03

15 1.2400+03 8.0151+03 2.2748-02 1.2558+03 1.8824+04 1.2429+03

16 1o2392+03 8.4962+03 2.4112-02 1.2554+03 1.9074+04 1.2423+C3

17 1.2392+03 8.4993+03 2.4120-02 1.2550+03 1.7851+04 1.2427+03

18 1.2390+03 8.9140+03 2.5298-02 1.2551+03 1.8321+04 1.2425+03
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CONDENSING DATA REDUCTIDN

442 444 663 473 475 477

HCONTC NUC TC TWI BC Q/A BC TWO BC HCONBC

1 4.3263+03 1.2116-02 1.1644+03 2.5627+04

2 i 4.2991+03 1.2038-02 1.1665.03 2.5798*04

3 4.3878*03 1.2287-02 1,1644+03 2.5481+04

6 4.5187.03 1.2653-02 1.1643+03 2.5283*06

5 5.1457.03 1.4465-02 1.2009÷03 2.3482_04

6 6.1091_03 1.7173-021.2008+03 2.2819+04

7 5.0496÷03 1.4195-02 1.2009+03 2.3389+04

8 5.0867*03 1.6299-02 1o2008+03 2.3120÷04

9 7.2385*03 2.0467-02 1.2345÷03 2.2738+04

10 7.2085+03 2.0383-02 1.2345+03 2.2751.04

11 7.0789÷03 2.0016-02 1.2346+03 2.3270+04

12 7.4390÷03 2.1034-02 1.2346+03 2.2897*04

13 6.5609+03 1.8621-02 1.2557+03 2.4043*04

14 7.5863÷03 2.1532-02 1.2559+03 2.4517+04

15 7.9044+03 2.2434-02 1.2557+03 2.4062÷04

16 7.7230*03 2.1918-02 1.2554+03 2.4838+04

17 6.5857÷03 1.8690-02 1.2553+03 2.4576+04

18 6.7101+03 1.9043-02 1.2555+03 2.5138+04

1.1464+03

1.1464.03

1.1466+03

1.1466÷03

1o1846÷03

1.1850.03

1.1847.03

1.1848+C3

1.2188.03

1.2188÷03

1.2186+03

1.2188.03

1.2393*03

1.2391+03

1.2392+03

1.2384-03

1.2385+03

1o2383+03

7.7967+03

8.1002*03

7.7559+03

7.4077*03

9.4015+03

8.4453+03

8°8597÷03

8.5191÷C3

1.0510+04

1o0296+04

1.1592*04

1.0417+04

1.0882+04

1.1127.04

1.0412*C4

1.1065+04

1.1107*C4

1.1684+04
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CONDENSING DATA REDUCTION

NUC BC

1 2.1832-02

2 2.2682-02

3 2.1718-02

4 2.0743-02

5 2o6428-02

6 2.3740-02

7 2.4906-02

8 2.3948-02

9 2.9716-02

10 2.9112-02

II 3.2777-02

12 2.9455-02

X3 3.088_-02

14 3®1581-02

15 2°9552-02

16 3.1_04-02

X7 3oX521-02

18 3°3X60-02
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APPENDIX D. A CALORIMETRIC METHOD FOR THE MEASUREMENT

OF ALKALI METAL FLOW RATE

In most heat transfer experiments, accurate determination of flow

rate is an absolute requirement. In low temperature systems with

noncorrosive fluids, flow rate is usually measured by a pressure drop

device such as an orifice or venturimeter. In the case of alkali

metal investigations, when both high temperature and chemical re-

activity are involved, accurate flow rate measurement becomes a

major problem. For measurements within ±20%, electromagnetic,

flowmeters are normally used because this type flowmeter does not

involve a penetration of the system. For investigations where

accuracy exceeding ±5% is required, a calibrated electromagnetic

flowmeter or an alternative flow measurement device is required.

Several methods are available for the calibration of this type

flowmeter e.g., a pressure drop device, such as a venturi meter or

a calorimetric device.

Considerable problems are inherent with any device requiring

accurate pressure measurement in an alkali metal system; because

of exposure to alkali metal and/or high temperature, commonly

used pressure measuring devices are inapplicable. The calori-

metric method was chosen since the measurement of a temperature

difference in a flowing single-phase alkali metal stream has

demonstrated accuracy within ±0.4°F for differences from 2 to 8°F

The design of the calorimeter used in the calibration of the

electromagnetic flowmeter in the 50 kw facility is shown in Figure
T_1.This design was selected for two reasons:

l) The device is applicable for flow in either

direction.

2) An immersion heater used for heat input to

the calorimeter assures that substantially

all the heat input to the calorimeter will

go into the potassium sensible heat.

To determine the flow rate accurately, three parameters must

be known:

I) Heat input to the calorimeter, qw' Btu/sec

2) Specific heat of potassium, Cp, Btu/lb°F

3) Potassium temperature difference across the

calorimeter, To-Ti,°F
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The heat input to the calorimeter is measured by a standardized

General Electric Single Phase Wattmeter, Type P-3, which has an

indicated accuracy of ±1/4% of full scale. The specific heat of

liquid potassium has been reported in reference2l. The values

are correct within _2_ up to 900°F. These values are correlated

by

Cp = 0.202 - .5093(I0-4)T + 0.3385(I0-7)T 2

The sensitivity of Cp to values of error in temperature level is

apparent from the value of the derivative

dCp/dT =-.51(10 -4 ) + .68(I0-7)T

At 900°F, this value is 5(10-5). For a 5°F error in average temper-

ature level, therefore the error in Cp is approximately 3(10 -4 )

Btu/lb-°F. The percentage error in Cp caused by this error in

temperature level is less than 0.2%. Consequently, because of the

insensitivity of the value of Cp to changes in temperature level,

the error associated with the accurate evaluation of the tempera-

ture level is not an important consideration.

Recognizing these conslderations, the accuracy of the calori-

metric method is highly dependent on the evaluation of the po-

tassium temperature increase, caused by the heat input to the

calorimeter. With no heat input to the calorimeter, the po-

tassium loses a certain amount of heat to the surroundings. This

is a function of temperature difference between the calorimeter

shell and the surroundings and can be expressed

qL = (W Cp) L (Tim - Tom + A)L (i)

With heat input to the calorimeter and with the same average temper-

ature difference,

qwm - qL = (WCp)wm (T - T. - _)om im wm
(2)

This assumes that the heat lost by the potassium, as it passes through

the calorimeter, is a function of the average temperature of the po-

tassium only, i.e., the effective shell temperature of the calorimeter,

and not a function of heat put into the calorimeter with the immersion

heater. Since, as shown in FigureD_l,the heated length of the im-

mersion heater is surrounded entirely by potassium, this assumption

can be demonstrated true with neglible error. To equate qL in

equations 1 and 2 requires two data runs at the same average calori-

meter shell temperature, one with and one without heat input. The

expression for the heat loss, qL' from equation 1 is then substituted

into equation 2 to yield
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qwm = (WCp)wm (Tom - T.im - A) + (WCp) L (Tim- T + A)L (3)wm om

qwm = (WC)p wm [(Tom- T'im -A) wm + (wc(WCp)L(T'p)wm im - Tom +L_L_ (4)

Employing equation 4 depends upon the particular facility in which

the measurements are made. In the 50 kw facility, where an electro-

magnetic flowmeter can be used to equate the flows during a heat loss

and heat input run, it is quite possible to set (WCP)L/WCP)wm = 1 and
equation 4 yields

qwm = (WC)p wm I(Tom - T'Im -A)wm + (Tim- Tom + /k).L1 (5)

Since the thermocouple error Li should not be a £unction of the calori-

meter heat input, equation 5 gives

qwm
W = (6)

C E(T - T. ) + (T. - Tom)L]p om im wm lm

Since the RHS of equation 6 contains only measured values of tempera-

ture and flow and since the specific heat of the potassium can be cal-

culated from the average measured potassium temperature, the flow rate

(W) can be accurately determined. As previously cited, the errors

associated with the measured values of qwm and Cp are: error in

qwm = ±0.5% (0.25% of full scale but assume only that wattmeter read-

ing is always taken in upper half of range); error in Cp = _2.2%.

As previously mentioned, the error in the measured temperature differ-

ence with values of (Ti-T o) exceeding flow rate 25°F should be legs

than _0.4°F, or ±1.6%.

The standard error in the calculation of (W) is

_5" _%/(.5) 2 + (2.2) 2 + (1.6) 2

= + 2.8%
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This method of calibrating an electromagnetic flowmeter was used

in the 50 kw facility during November for these conditions:

Flow rate, lb/sec .................. 0.14 to 0.31

Temperature difference,°F .............. 11.5 to 43.4

Average temperature, °F ................ 600 to 700

Wattmeter input, Btu/sec .............. 0.76 to 1.6

Four pairs of runs were made. These indicated that the ratio of the

flow rate calculated from the calorimeter to that calculated from the

electromagnetic flowmeter was 1.145 with a standard error of 0.014 or

±i.3%.
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APPENDIX E. DERIVATION OF THE EXPRESSION FOR THE TWO-PHASE

GRADIENT FROM CONTINUITY AND MOMENTUM CONSIDERATIONS

The system to be analyzed is shown in Figure 62.

and conditions of the analysis are given below:

Assumptions:

i)

2)

3)

4)

The assumptions

The velocity and density of each phase are functions

only of the axial distance L, i.e., they are inde-
pendent of R and @

The system is in steady state operation.

The pressure is a function only of the axial distance

L, i.e., it is independent of R and O .

The wall shear stress (T) is a function only of L,
W

i.e., it is independent of O .

Geometry Conditions:

1) Constant area duct AT = Constant

2) Af + Ag = AT

Continuity Equation

@ -
_IC c_ s

Using the assumptions given above, equation 1 becomes

(l)

(2)

Linear Momentum Equation

_t. v .s
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=_- c._L becomesUsing the assumption_, given above, equation 3

/o
where a shape factor_ has been introduced to account for those
cases in which the velocity of each phase is not constant over a

given cross-sectional area.

(s.--v;

where V = _Vd _/_A a_

i.fV _4 _. "1
since _ _

q_

___....___ Va_ = V_then

(5)

(6)

(7)

Dividing equation 4 by (A L) (AT ) and taking the limit as _ L --)0
yields

(8)

_U t_9 J

(9)

Define the hydraulic diameter as follows:

D H = (4) (Cross-Sectional Area) = 4 A (10)
TWetted Perimeter) T

P

28O



Introducing i0 and the definition of the flowing quality into 9

yields

(ii)

* This relationship is a special case of the Schwarz Inequality.

(Reference 22).
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APPENDIX F. DERIVATION OF THE RELATIONSHIP BETWEEN SLIP, VOID

FRACTION, AND FLOWING QUALITY

The following equations will be needed in the present derivations.

Continuity equation:

The geometry condition:

_ _ = _ _ Constant (2)

Definition of the slip ratio:

Definition of the flowing quality:

_. _ y_ ,_/y_ (4)
T

Definition of the void fraction:

From equations 2 and 5,

then (6)
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From equations 1 through 5,

(7)

Subst±tut±ng equations 7 and 8 ±nto the defin±t±on o£ slip y±elds

(8)

(9)
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APPENDIX G. EXPRESSIONS FOR THE SLIP AND SHAPE FACTOR IN

TERMS OF THE ENTRAINMENT FRACTION FOE THE MODIFIED

ANNULAR FLOW MODEL

The equations given in Appendix F, the definitions of _ given in

Appendix E, and the entrainment fraction defined below will be
needed in this derivation:

Definition of the entrainment fraction:

(i)

i

I i __\-E

\__ : e_V_c_A_
Q-x')G,_'T (2)

(3)

_,_. A..EL.__ ..._-AL-\_.___
AT _ A_

(4)

(5)
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From equation 7, Appendix F,

(X-x3q_J

'xC_-e')c,-_

c_.-x C_-_')
(6)

V_) \ _ _-
(7)

I
Define a modified slip K

k%'- V._ ___,-_-
V_ c_ -_ -

(8)
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The definition of _ given in Appendlx E was

(9)

(i0)

(ii)

Substituting equations 3 and 4 into equation ii yields theing:

t

f'c-v_

(':_f - .,.

follow-

(12)
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APPENDIX H. THE DETERMINATION OF EXPRESSIONS FOR SEVERAL

OF THE DENSITIES IN TERMS OF THE SLIP RATIO

In equation 2 of Section V, the density (_) was defined as follows:

Using the expression for the slip ratio given by equation 8 of

Section V in the above equation yields

Substituting for R from equation 9 of Section V, the following

results are obtained:

/x

In equation 3, Section V, the density (_) was defined in the

following manner:

(2)

(3)
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Substituting for Rg from equation 9 of Section V, the following re-

sults are obtained_

C4)
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APPENDIX I. THE DETERMINATION OF THE DERIVATIVE OF 1/_ WITH

RESPECT TO THE SLIP RATIO

In equation 18 of the Analysis Section, the following expression for

1/_ in terms of the slip ratio is given

?

f
(i)

\
__.,_m=-.

f_

f

-I('-×)_-_ x--_--\ ,,__
.A-

-- -× ..__. .- --_ (2)
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APPENDIX J. THE RELATIONSHIP BETWEEN THE SLIP RATIO AND THE

ACCELERATION FACTOR

Define an acceleration factor (a) as follows:

(1)

Assume that the fluid entering the boiler at station 1 is saturated

liquid (zero quality) and that the boiler cross-sectional area is

constant.

0,.

Substituting for R in terms of the slip gives the following:
g

?_,,-

Equation 4 can be simplified further if it is assumed that

IP_,k-o-- ,-

Note that if a 2, i, then

5

(4)

(6)
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APPE_IXK. PR_FTHATT_ VAL_OFi_ IS IDENTICALFORA
SLIPOFONEANDASLIPEQUALTO_ / _5.

From equation 18 of the Analysis Section,

The proof is completed by noting that 2 and 3 are identical.

(i)

(2)

(3)
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